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Abstract
This report discusses the technical portions of a nine-month
study for the Lincoln Center for the Performing Arts of a
proposed "Live from Lincoln Center" pay-television service
with high-quality stereo audio, either on CATV or on broad-
cast, or both. Topics covered include: stereo-audio TV
technology, technical features and status of subscription
TV (STV) systems, TV/FM simulcasting, UHF-TV spectrum con-
siderations, channel-security effectiveness of an existing
stereo-audio subscriber box design at the Lincoln Center,
suggested changes in this box design that would greatly im-
prove security, and box-cost considerations.
In regard to pay-cable, it is concluded that if the Lincoln
Center wishes to pursue it's unique secure-stereo-audio
approach to pay-cable, the suggested subscriber-box modif-
ications should first be incorporated and then firm cost
estimates for construction should be obtained from potent-
ial vendors.
In regard to broadcast pay-television, it is concluded that
the BTVision system is the only broadcast method that is
currently available and practical for providing stereo audio
of the desired quality to accompany a TV picture, and that
it would be suitable for reaching non-cabled homes with a
"Live from Lincoln Center" offering, particularly in the
New York and Boston metropolitan areas where BTVision has
already been authorized by the FCC. High cost of the BTV-
ision subscriber box is however a problem that is delaying
BTVision startup in either city.
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CHAPTER I
INTRODUCTION
This report discusses the technical portions of a nine-month study
for the Lincoln Center for the Performing Arts of a proposed "Live from
Lincoln Center" pay television service. The economic study of the pro-
posed service is contained in a companion report by Robert Crandall*.
A. SCOPE OF THE STUDY
The particular thrust of the technical study was the investigation
of a unusual service format proposed by the Lincoln Center -- unusual
both by current broadcast TV and cable television (CATV) practice, and by
signal security practice in pay-program operations. The proposed format
is to let the television picture go out "in the clear" (i.e., available
to anyone with a standard receiver), to provide high-quality, stereo audio
(equal to FM-radio standards), and to deny the stereo audio channel to all
except those paying for the service. This format was to be investigated
in several particulars:
1) means for carrying stereo audio of the desired quality in
either or both cable television systems and broadcast TV
(including TV/FM simulcasting),
2) means of security for the stereo audio signal in both cable
and broadcast services, with emphasis on achieving a very low
cost for the subscriber "box" needed to permit reception,
3) evaluation of a particular transmission technique, and of a
subscriber box design for it that was already in prototype
form at the Lincoln Center.
The emphasis on investigating both broadcast and cable versions of
the proposed service stemmed from the fact that cable currently reaches
only about ten percent of all U.S. TV homes, and a much smaller percent-
age of homes in the New York metropolitan area, a prime area for a "Live
from Lincoln Center" service. It would of course be ideal if a trans-
mission technique and subscriber box could be devised that a) met the
requirements of the proposed format, b) was usable both for cable and for
broadcasting, and c) met the cost objectives: failing this, different
techniques for cable and broadcast that still met the format and cost
objectives would be acceptable.
* "The Economic Prospects for a 'Live from Lincoln Center' Pay Television
Service", Robert W. Crandall, Report CPA 75-7, M.I.T., June 1, 1975.
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2A pay television service using existing broadcast stations would of
course be subject to approval by the Federal Communications Commission
unless it fell entirely within presently authorized services of those
stations, and would be dependent on being able to make arrangements with
those stations for use in any case. The present Subscription Television
(STV) authorizations were of particular interest in this regard, but poss-
ibilities for other means of providing a broadcast service were also to
be examined. Cable represents a much freer situation from both the reg-
ulatory and the arrangement standpoints. Because cable is a multi-channel,
non-broadcast medium, extra signals can be added without displacing ex-
isting ones and without channel authorization problems; also because cable
can be two-way, there are a great many more technical possibilities open
for pay-cable than for pay-broadcast, as explained in the following section.
B. THE CHANNEL SECURITY PROBLEM
The technical problem facing anyone planning to offer a subscription
TV program service, either broadcast over the air (Subscription Television --
STV) or carried on a CATV cable (Pay Cable), is to devise a transmission
security technique that makes it as difficult as possible for non-subscribers
to receive programs without paying for them, and at the same time does not
cost so much to implement per subscriber that the service cannot be econom-
ically priced. In over-the-air STV, which is authorized only on standard
TV channels, both subscribers and non-subscribers will always have access
to the transmitted signals, and it is therefore necessary to modify both
the audio and video portions of the transmitted TV signal in such a way
that they cannot be properly received with a standard TV receiver. Sub-
scribers must then be provided with a "box" -- a special conversion unit
installed between the antenna and the receiver -- that returns the received,
non-standard signals to standard TV specifications for reception on a
standard receiver. The process of signal modification is variously called
"scrambling" or "encoding", and there are many ways that it can be acc-
omplished, given the complex nature of the TV signal. Although this sub-
ject is not treated extensively, some of the ways will be described in
various parts of the report. Subscriber boxes for STV are currently fairly
expensive (of the order of $150).
3Although the same types of scrambling or encoding suitable for broad-
cast STV can also be used for pay cable, cable offers several other poss-
ibilities for signal security that permit less expensive subscriber box
implementations. One of these is that cable transmissions are not limit-
ed to the standard TV channels to which all TV receivers can tune. Thus
cable systems can simply transmit a pay-cable signal "in the clear" (i.e.,
without modifications for security) on a non-standard channel, and supply
only pay-cable subscribers with a conventional, low-cost CATV channel
converter. For example, many cable systems offer only the 12 VHF-TV
channels to their regular subscribers, and use a mid-band CATV channel for
the pay-service, which requires a converter for reception. Where convert-
ers are already in service in a cable system to provide more than 12 non-
pay channels, two types of converters can be used -- one able to tune only
non-pay channels, and the other also able to tune one or more pay channels
The security of this approach (sending pay signals "in the clear" on non-
standard channels) has diminished as the use of converters for channel ex-
pansion has become common in CATV systems and they thus have become more
available through theft or other means (several types are now being sold
on the open market in Canada). Thus signal scrambling of some sort is
becoming more common in pay-cable operations, which increases the cost of
the converters, but not to the level of STV converters.
Another signal security option for cable that is not possible in
broadcasting is that channel traps can be used in the cable system to pre-
vent the pay channel from appearing on a cable subscribers drop cable un-
less he is also a pay-cable subscriber, thus denying him the possibility
of using a clandestine conversion device to receive the pay-channel with-
out paying for it. The inverse of channel trapping is to add a jamming
signal to the pay channel for all cable subscribers except those willing
to pay for it. Both of these methods of modifying the signals on indiv-
idual subscriber drops require in-cable equipment, either changeable only
by CATV line crews or switchable from the head-end by control signals.
Several organizations offer or use hardware for trapping or jamming, par-
ticularly in hotel/motel and master antenna (MATV) pay-program systems,
but they are not widely used techniques at the present time in CATV sys-
tems serving homes.
4Cable also offers other options based on its two-way signalling cap-
ability. One of these is the monitoring of subscriber converters to tell
what channel they are tuned to. This by itself is not secure against
clandestine converters (which won't cooperate with the monitoring system)
but can be used by itself or in combination with other security techniques
to implement a per-program (instead of a per-channel) charging system. If
more general two-way signalling capability is available (subscriber home
terminals), it can be used as the request and control mechanism for pay-
cable service. Two-way signalling capability in CATV systems has not
however moved forward as rapidly as was thought a few years ago, thus
these options are more potential than generally available. In hotel/motel
and 1MATV systems, two-way program control is more common, sometimes using
separate control wiring that is feasible in such installations.
There is finally a division in pay-program services, either on the
cable or in STV broadcasting between per-program and per-channel charging.
In per-channel operations, the subscriber rents access to the pay channel
on a monthly basis, and has access to all programming carried during the
month. His access is determined by whether or not he has a subscriber box
(converter, descrambler, etc.) and a service call is therefore needed
either to initiate or terminate service (just like regular CATV service).
In per-program operations, on the other hand, the usage of a subscriber
box is monitored or controlled in some way so that charges are based on
what programs are watched, plus usually a minimum monthly fee for having
the box. Some versions turn access on and off from the headend based on
telephone or other means of request; some are "coin in the slot" metered
operations based on pre-purchased tickets or pre-obtained access codes
usable only for a specific program (codes can be obtained by telephone),
and others simply monitor and record usage in some way -- in the box,
outside on the pole, or at the headend -- for charging purposes. At the
present time, by far the bulk of home pay-cable operations are pay-channel,
using either converters alone or scramblers. Numerous per-program systems
have been developed and tested and some are in CATV use, but they are at
present used mostly in hotel/motel and IMATV pay-program installations. Higher
cost of hardware, operationalproblems, and/or lack of two-way capability
in most CATV systems seems to have held back per-program pay-cable install-
5ations in home CATV systems, although many operators would like to move
in this direction.
No evidence has been found that any hardware manufacturer or system
operator has based channel security entirely on the audio portion of a
TV signal, as proposed by the Lincoln Center. Also, there is at present
no stereo-audio programming in TV broadcast or CATV operations (with the
exception of occasional broadcast-TV/FM-radio simulcasts), and no non-
simulcast hardware for it (with the exception of one STV system that is
not yet in operation).
C. THE LINCOLN CENTER IDEA
The pay-programming concept proposed by the Lincoln Center, and due
to Mark Schubin, a technical consultant, is to provide high-quality, stereo
audio as a novel feature most appropriate for Lincoln Center originations,
and to control access to this stereo audio signal as the sole means of
program security. An anticipated low cost for the subscriber hardware
needed to accomplish this is a key feature of the idea.
The plan for CATV usage is as follows. The stereo-audio signal would
be transmitted on a separate 200-kHz channel on the cable, using a slightly
modified FM-radio signal format. Primary security would be provided by
the use of a non-standard FM-radio channel (i.e., outside the 88-108 MHz
FM band) to which no standard FM receiver would tune. To provide further
security against someone building a simple FM frequency conversion device
to permit reception of the pay-cable stereo-audio signal on his FM receiver,
it was further proposed to interchange the stereo-audio sum and difference
channels, and to change the stereo sub-carrier in frequency by an amount
sufficient to prevent stereo lock-on by standard FM receivers.
Details of how normal FM-radio stereo and the proposed system work
will be presented in Chapter III, but the following word description is
useful at this point. Assuming that an FM conversion device is used to
flip the audio signal on the cable to the normal FM band, the L+R/L-R
signal interchange will cause a monophonic FM receiver to produce only the
difference between the left and right channels (L-R instead of their sum,
L+R, as in normal FiM stereo), which it was judged would be so distorted
as to deter listening. A stereo FM receiver, on the other hand, will in
the absence of the sub-carrier offset produce a stereo output, but with
6the right signal reversed in phase. This by itself would not be a sig-
nificant deterrent because one would only have to reconnect the speaker
wires to receive proper stereo. Therefore stereo listening as above is
to be defeated by the shift of the stereo sub-carrier, preventing an FM-
stereo receiver from demultiplexing the signals and causing it to output
only the monophonic L-R difference signal. Remembering that the primary
audio security device is the use of a non-standard channel, the secondary
security thus revolves around the degree to which the L-R difference signal
is in fact unlistenable, and this was thus an important consideration in
the investigation.
From the hardware viewpoint, low cost is a feature of the entire
concept. Basically, all that is needed is a single-channel FM stereo
receiver for a non-standard channel, and FM radio components are now
available in integrated-circuit form and are in such high-volume product-
ion that they are almost ridiculously inexpensive. The interchange of L+R
and L-R costs nothing in components (just a wiring difference in assembly)
and the shift in the stereo sub-carrier frequency similarly costs nothing
in components -- just different values for the external, discrete components
needed for tuning the integrated-circuit stereo demultiplexer.
Two versions of the "box" are possible. One would be a "stand-alone"
type containing a stereo audio amplifier and small speakers, and would be
used for subscribers either not having a home stereo hi-fi system, or hav-
ing one but not wishing to always listen through it (the box would still
have stereo output connections for such listening). For subscribers
interested in always using their stereo hi-fi for reception, a less ex-
pensive box could be produced by leaving out the stereo amplifier and the
speakers, and providing only low-level stereo outputs suitable for connection
to the external inputs of a hi-fi stereo system. Whether the latter type
of box should be made would of course depend on the balance between cost
savings in manufacture and the added costs of stocking and handling two
types, and on the relative demand for the non-stand-alone type.
D. ORGANIZATION OF THE REPORT
Chapter II presents a summary of the recommendations resulting from
the investigations. Chapter III discusses the Lincoln Center proposed box
for secure stereo audio, a revision in the method of handling the right
7and left channels that appears to be be more secure, and several other
proposed ways for making the stereo-audio signal secure against clan-
destine listening.
Chapter IV discusses possibilities for a broadcast stereo-audio
Lincoln Center pay-program service. Topics covered include stereo-TV
technology, STV status, TV/FM simulcasting, and the channel congestion
problem in the New York metropolitan area.
There are three appendices. Appendices A and B discuss the Blonder-
Tongue and Teleglobe STV systems, respectively, and Appendix C is an
analysis of the UHF-TV spectrum usage in the New York metropolitan area
and of the possibilities for finding a channel for a Lincoln Center STV
service.
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SUMMARY
The results of this study of the technical aspects of a possible
"Live from Lincoln Center" pay-TV program offering with stereo audio,
either on cable or over-the-air, or both, may be summarized as follows:
1. As far as can be determined, the Lincoln Center proposal to base
channel security entirely on denial of audio to non-subscribers is
unique. Although there is thus no experience to go on, there is no
reason to believe that audio-denial would not be as effective as
picture scrambling as a means of channel security, provided that
it is at least as difficult for non-subscribers to defeat.
2. The second part of the Lincoln Center proposal, which is also
unique in pay-programming, is to provide high-quality stereo audio.
The additional drawing power that stereo (as opposed to mono) audio
might provide for Lincoln Center pay-programming can only be esti-
mated, since the only previous public experience has been with
occasional TV/FM simulcasts (non-pay). This question has not been
addressed in this technical study, but it is thought worthwhile to
point out that since the Lincoln Center has the option of distribut-
ing mono-audio "Live from Lincoln Center" programming through exist-
ing, conventional pay-cable systems, a decision to install a unique
system requiring special subscriber boxes, a special CATV system
channel, and special stereo-audio networking arrangements must rest
on the expected extra saleability of stereo-audio programming as
compared to the extra capital and operating costs involved.
3. The prototype subscriber box at the Lincoln Center appears to be
a good, cost-effective design that probably can be obtained in a
viable cost range ($30 - $40) in the quantities needed for a Live
from Lincoln Center offering. However, consideration should be
given to a design change (see paragraph 4-d below) that will signif-
icantly increase channel security with little or no cost penalty.
94. The primary security of the prototype Lincoln Center box is based
on use of a non-standard FM-stereo transmission channel on the cable
(not tunable by FM receivers). Secondary security against someone
who used a frequency converter to defeat the primary security is
provided by (a) FM sub-carrier offset to prevent stereo demultiplex-
ing by standard FM receivers, and (b) interchange of the FM-multiplex
sum (L + R) and difference (L - R) signals so that the resulting
mono output from an FM receiver is L - R. The following conclusions
have been reached in regard to these security measures:
a) The primary security is good and will be defeated only by those
skilled enough in electronics to design and construct the necessary
frequency conversion device (external to the FM receiver). No
off-the-shelf conversion devices for FM channels exist, since
there never has been any purpose for one, but a clandestine supplier
could emerge (as they have for other pay-cable security defeating
devices).
b) The first part of the secondary security (the sub-carrier offset
to prevent normal stereo reception of the interchanged signals
on an FM receiver in the event that primary security is defeated)
has been tested and found to be effective. Although it could be
circumvented by one skilled in electronics, modifications in each
individual receiver are necessary, thus no defeating device could
be marketed by anyone.
c) Assuming that a) has been defeated but not b), the second part of
the secondary security is the delivery of only the L - R difference
signal by either mono or stereo FM receivers. Circuitry for channel
difference (L - R) reception of programming on Boston FM stations
was constructed, and it was found that the L - R signal is not
significantly, if at all, degraded for the type of programming the
Lincoln Center would produce. Thus, although stereo reception on
an FM receiver is effectively prevented by the secondary security,
mono reception is not, and the secondary security is therefore not
effective in denying audio if the primary security is defeated.
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d) The secondary security against anyone using an FM receiver to
eavesdrop on a Lincoln Center audio channel as above could be made
completely effective by dropping the present FM stereo-multiplex
signal format and going to discrete right and left audio channels
on separate sub-carriers, making it impossible to receive any audio
signal on a standard FM receiver, even if it could be tuned to the
cable audio channel. A suggested design, given in Section C of
Chapter III, should not cost much if any more than the present design.
5. Broadcast possibilities for a "Live from Lincoln Center" pay-program
offering have also been examined. With the exception of one FCC-approved
subscription-TV system (BTVision) there do not seem to be any workable
possibilities for high-quality stereo audio to accompany a TV pay-
program picture. Findings are as follows:
a) Many ways of adding a second audio channel in a TV signal have been
proposed over the years. Almost all follow a discrete-channel
approach in which one channel (either right or left) is carried
on the normal TV audio channel, and the other is carried on a sub-
carrier at 31.5 kHz (twice TV line-scan frequency). There is thus
little or no possibility of complete audio security in a stereo-
audio broadcast TV signal, and it would appear that picture scramb-
ling must therefore be employed for program security.
b) The Blonder-Tongue BTVision STV system scrambles the picture and
carries a second, high-quality audio signal on a 31.5-kHz single-
sideband sub-carrier. Although not primarily intended for stereo-
audio usage, BTVision would be directly suitable for stereo-audio
"Live from Lincoln Center" broadcasting. BTVision stations are
authorized in New York (constructed) and Boston (not constructed),
and proposed in San Francisco, Baltimore, St. Louis, and Dallas.
Operations in the two authorized cities are stalled (as of mid-1975)
because of subscriber box cost (about $150). The existing New York
station (Channel 68) should be of particular interest to the Lincoln
Center as a possible means of reaching the non-cabled New York
metropolitan audience.
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c) Possibilities for TV/FM simulcast of STV programming with secure,
stereo audio, using existing FM stations, do not look promising.
SCA (subsidiary communications authorization) channels on FM stations
do not have the bandwidth or the signal-to-noise ratio for high-
quality audio, and an SCA channel is all that an FM station already
carrying stereo could offer (if it was not already committed to some
other use). A secure stereo-audio Lincoln Center broadcast would
require two mono FM stations that could each carry one high-quality
audio channel on a sub-carrier, but this is in general difficult
to arrange because most FM stations are already carrying stereo.
Also, two FM receivers would be required per subscriber box.
d) One possible new-channel TV/FM simulcast idea was also investigated.
This was to see if there was a possible frequency for an FM stereo-
audio channel outside the 88-108 MHz FM band, perhaps in an unused
TV channel, that would permit use of the same low-cost subscriber
box designed for cable, i.e., the picture could go out unscrambled
on a TV station and the primary and secondary audio security would be
the same as for cable. An analysis of the TV spectrum and inter-
ference problems in the New York metropolitan area indicated that
there is so little possibility of such a scheme ever being authorized
by the FCC that it was not pursued further. Two UHF-TV channels that
might be reallocatable to New York City were found, otherwise there
are no free channels in the area.
6. To sum up, it is recommended that if the Lincoln Center pursues the
stereo-audio concept:
a) The Lincoln Center box be redesigned with discrete audio channels
on sub-carriers in order to provide better security,
b) Formal cost quotations be obtained from companies that might build
the box, for use in refining the economic predictions,
c) The Lincoln Center consider possibilities for the use of the
BTVision STV system as a means of reaching non-cabled homes, par-
ticularly in the New York area because of the existing authorized
station there and the large potential audience.
12
CHAPTER III
LINCOLN CENTER PAY-PROGRAM SERVICE ON THE CABLE
A. INTRODUCTION
Pay-cable operations are growing rapidly. In early 1975 the number
of pay-cable subscribers around the country was estimated at 230,000,
but the estimated number at the present time (January, 1976) is 500,000,
and is projected to reach a million by the end of the year. There is
a great deal of activity in preparing for use of satellite interconnections
for pay-cable networks, and this is perhaps the driving force in the
growth projections since satellites offer a way to feed pay-cable signals
to the majority of the nation's 3,500-odd cable systems at lower cost
than other networking methods. There is thus a fertile ground on the
cable in which to launch a "Live from Lincoln Center" pay-program service.
One option open to the Lincoln Center is to adhere to normal CATV
signal standards (i.e., normal mono audio) and distribute "Live from
Lincoln Center" programming through existing pay-cable channels, taking
advantage of the networking and subscriber-box hardware already in place.
Under this option, the Lincoln Center could be primarily a program sup-
plier, feeding programs either to other pay-cable operations as part of
their program packages, or directly to CATV operators for use as an
independent pay-cable channel. It should be noted in the latter regard
that many of the pay-cable subscriber boxes have multi-pay-channel cap-
ability. The Lincoln Center could, under this option, set up its own
network and its own arrangements with CATV operators for a "Live from
Lincoln Center" pay-cable operation; in other words, become a pay-cable
operator using in-place, conventional techniques and offering standard
monophonic audio with its TV pictures. The probable success of such an
offering would have to be judged on different grounds than a novel, stereo-
audio offering as proposed by the Lincoln Center, and weighed against
the probable success of the latter offering, which would require substantial
investment in special subscriber hardware for all subscribers, even if
they were already regular pay-cable subscribers, and greater operational
costs in distributing stereo-audio signals to CATV systems.
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The other option is the stereo-audio proposal. The Lincoln Center
has felt that the uniqueness of stereo audio, in combination with the
unique program material that only it can supply, could attract enough
subscribers to be a viable pay-programming offering, and the companion
economic study by Crandall indicates that this is probably so, given that
the cost of the special subscriber boxes required can be kept in the
$30 - $40 range. Crandall's economic predictions rapidly become less
favorable as box cost rises above that range. The existing Lincoln Center
subscriber box design has a parts cost of the order of $15 in volume
quantity, which as will be discussed, indicates that the above cost object-
ive is probably feasible. The main question that was to be addressed was
whether this is a suitable design, particularly from the viewpoint of
channel security.
The remainder of this chapter is devoted to stereo-audio subscriber-
box design considerations, Section B discusses the existing Lincoln Center
box design, and Section C discusses an alternate design that should cost
about the same to build but is more secure in that it would be harder for
a non-subscriber to construct a device to defeat the signal security and
receive the program without payment. Section D discusses other suggestions
that have been made for securing a stereo-audio signal.
It should be kept in mind that the Lincoln Center concept is that
channel security is entirely based on denying the stereo-audio signal to
non-subscribers, and that the TV picture would go out "in the clear." Thus
the audio security problem is paramount. If CATV systems on which a Lincoln
Center channel would be carried already have multi-channel pay-cable de-
scrambler boxes, it would of course be possible to also scramble the TV
picture, providing additional security. The only problem here is that a
cable subscriber wishing to subscribe to a Lincoln Center channel but not
the other pay channels would still have to have two subscriber boxes --
one to receive the picture and one to receive the stereo audio -- and
this would be a economic penalty in serving such subscribers. On the other
hand, no penalty would be incurred for existing pay-cable subscribers,
provided that there is a spare pay-cable channel in their existing subscriber
boxes. A key question here would be the ratio of Lincoln-Center-only
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subscribers to other pay-cable subscribers also taking the Lincoln Center
channel. In any case, a sparate Lincoln Center box will be required if
stereo audio is offered, since TV and CATV signal standards do not include
a stereo-audio capability.
B. THE LINCOLN CENTER BOX
1. Basic Scheme
As has been described in the previous introductory material, the basic
idea of the Lincoln Center approach is to provide high-quality (15-kHz)
stereo audio and to control its reception as the sole means of channel
security. This has been built around the use of a separate audio channel
on the cable and the use of a slightly modified FM-stereo transmission
technique that takes advantage of available, low-cost FM-radio components.
Primary security would be provided by using a transmission channel on the
cable for the audio signal that no normal in-house device could tune to;
secondary security against someone somehow frequency-converting this channel
to the FM-radio band for reception on his FM receiver would be provided by
modifications to the normal FM-stereo format to make the Lincoln Center
stereo-audio signal non-compatabile with standard FM receivers. These
security measures will be discussed after first describing how FM-stereo
works.
2. FM Stereo Transmission (Standard)
The FM-radio channel is 200-kHz wide, which would normally permit
audio modulation up to 100 kHz (modulation sidebands extend equally on
both sides of the channel center frequency), but the FCC limits modulation
frequencies to 75 kHz to avoid inter-channel interference. Monophonic
FM radio uses only 15 kHz of this available audio bandwidth, leaving room
for addition of other modulation signals on sub-carriers.
When stereophonic FM broadcasting was started, there were several
possibilites. One would have been to use the existing monophonic channel
for either the right or the left signal, and insert the other signal on an
audio sub-carrier in the 15-75 kHz portion of the available modulation
spectrum. This was not adopted because a listener without a stereo receiver
able to receive both channels would then not receive a balanced audio
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reproduction -- only the right or the left channel. For this and other
reasons relating to signal to noise ratio, a different, compatable mono/
stereo scheme was adopted. This is to mix the left and right channels
before transmission so as to produce two composite signals -- one is the
sum of the left and right channels (L + R) and the other is their differ-
ence, L - R. The sum signal, L + R, is transmitted in the 0-15 kHz modu-
lation band and is received by monophonic receivers, giving normal audio
reproduction. The difference signal, L - R, is transmitted on an audio
sub-carrier, requiring additional receiver circuitry for reception.
The particular sub-carrier modulation method chosen for the L - R
signal is double-sideband, amplitude modulation (AM) on a 38-kHz sub-
carrier that is suppressed before transmission. In order to demodulate
the L - R signal, the receiver has to re-insert the 38-kHz sub-carrier, and
obtains this by doubling in frequency a 19-kHz pilot carrier that is included
in the transmission. The 19-kHz pilot carrier fits in between the L + R
base modulation (0-15 kHz) and the double-sideband, sub-carrier modulation
for L - R, which occupies the modulation band 23-53 kHz (see Fig, ia, p. 23).
After demodulation of the L + R and L - R signals, the receiver obtains
the separate left and right channel signals by performing the inverse of
the channel mixing that is done at the transmitter. Just a few years ago,
this all took many dollars worth of discrete-component type circuitry in
a receiver. Today, one integrated circuit chip costing only little more
than $1 in large quantities performs the entire demodulation and de-mixing
job, in addition to driving the "stereo" lamp on a receiver.
3. Stereo Modifications in the Lincoln Center Box
The modifications of the FM-stereo format proposed by Lincoln Center
for a secure audio- channel, and used in the prototype box, are quite simple.
One modification is to interchange the sum (L + R) and difference (L - R)
signals in the stereo format just described in order to make a monophonic
FM receiver output L - R instead of L + R, the idea being that the L - R
signal is non-listenable. This subject will be further discussed in Section
B-4.
A stereophonic receiver tuned to the interchanged signal would, if it could
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demultiplex it, yield stereo, but with the right channel reversed in phase.
This can be shown as follows. The normal stereo demultiplexer recovers the
left channel by adding the demodulated sub-carrier signal (L - R) to the
demodulated base signal (L - R), and the right channel by subtracting the
sub-carrier signal from the base signal:
(L + R) + (L - R) = 2L
(L + R) - (L - R) = 2R
The factor of two in the results is simply a gain factor. Now if instead
the base modulation is L - R and the sub-carrier modulation is L + R, the
same demultiplexer will yield:
(L - R) + (L + R) = 2L
(L - R) - (L + R) = -2R
Note that the only difference is the negative sign for 2R, which is a
phase reversal.
Since a listener could correct for the phase reversal by reversing
the wires on one speaker, the Lincoln Center also proposed to disable
stereo demultiplexing, and the scheme for doing this is to raise the sub-
carrier frequency from 38 kHz to 42 kHz (or some other frequency that the
normal stereo demultiplexer can't lock to). Tests at M.I.T. with a
Motorola MC1310 integrated-circuit stereo demultiplexer show that it's
frequency tracking ability when adjusted for the normal 19-kHz pilot carrier
(38-kHz sub-carrier frequency) is-only ±l1kHz. -This agrees with the MC1310
specifications which are a lock-in range from ±0.36 kHz to ±1.08 kHz, with
±0.63 kHz typical. Thus moving the pilot carrier from 19 kHz to 21 kHz
(42-kHz sub-carrier frequency) as proposed by Lincoln Center would adequately
defeat this unit, which is a typical one.
The nominal pilot carrier frequency that an integrated-circuit de-
multiplexer will lock to is set by external, discrete tuning components
(a capacitor and a resistor) added in circuit assembly. Thus there is no
cost penalty for changing the sub-carrier frequency in building Lincoln
Center subscriber boxes -- only different values for these components.
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Similarly, the reversal of the right channel phase (because of the L + R/
L - R interchange) costs nothing, just reversal of the right channel output
wiring. Both of these changes could of course be effected by a clandestine
listener in his FM receiver, but it would take skill in electronics to go
inside the receiver to change the tuning of the sub-carrier phase-locked
oscillator. Thus the disablement of the stereo demultiplexing is fairly
secure. However, an unmodified FM stereo receiver tuned to the Lincoln
Center audio channel (with the aid of a frequency conversion device --
itself not an available component) would still produce the L - R signal,
which as discussed in Section B-4 below, may be fairly listenable, despite
the left/right cancellation.
4. Tests on L - R Cancellation
Because the whole secondary security of the Lincoln Center audio
channel, as proposed, rests on the delivery of only the L - R signal by
a normal FM receiver tuned to the channel with the aid of a conversion
device, it was thought wise to see how effective the L - R cancellation
is. Tests were conducted as follows.
A portion of the box electronics, consisting of an integrated-chip
stereo demultiplexer (Motorola MC 1310-) adjusted for the standard 38-kHz
sub-carrier , a subtracter, and an audio amplifier, was constructed and
connected to the wideband (75-kHz) demodulator output of a Sherwood S-3000
FM tuner. In the subtracter (a Motorola MC17415 differential op-amp), the
R output of the demultiplexer was subtracted from the L output to produce
an L - R signal, and switching was arranged to put either L or L - R on 
a speaker. The circuitry was adjusted for complete cancellation if the
same signal (the L output for a monophonic broadcast) was fed into both
inputs of the differential op-amp.
In listening to Boston classical stations, it was found that little
or no change in audio quality or sound balance could be observed between
L and L - R for operatic or orchestral programs. The inference is that
with disperse sound sources on a large stage, the L and R microphone sig-
nals are enough different in amplitude and/or phase that they will not
cancel if subtracted. The only cancellation noted for such programming
was the occasional reduction in volume (but not complete cancellation)
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for a particular instrument in an ensemble, presumably because it happened
to be equidistant from the two microphones. The lack of complete cancell-
ation in such cases is probably due to reflections from the walls and/or
other performers. For a stage pickup, there is probably a sort of "zone
of silence" along a line bisecting the microphones, but it is not very
effective because of random reflection paths.
In listening to a studio announcer, it was noted that in some cases
almost complete cancellation occurred. In other cases, the direct pickup
cancelled Dut the announcer could still be heard via room reflections,
making it sound as though he was talking from the other side of the room.
The cancellation effect here obviously depends on the mike gain, the
"liveliness" of the studio, and the position of the speaker relative to
the microphones.
For small-group musical performances (jazz, rock-and-roll, etc.),
little or no cancellation was noted, probably because the group physical
arrangement relative to the microphones is usually chosen so as to enhance
the stereo effect, i.e., to make particular instruments appear to be more
on one channel than the other. Such arrangements obviously will not produce
L - R cancellation. The same effect occurs when two opera singers in a
duet or song "dialog" are standing on opposite sides of the stage.
The conclusion drawn from these tests is that the difference signal,
L - R, exhibits so little cancellation for the type of programming that
Lincoln Center would produce that it would provide little or no security
on the secondary level, that is, if a non-subscriber managed to defeat the
primary security by using a frequency-conversion device, he would not really
have to modify his FM receiver-unless he would settle for no less than full
stereo reception. Be that as it may, there would be no harm or cost-penalty
in using the L + R/L - R interchange, including the sub-carrier offset, as
secondary security. The point is that a better secondary security level at
about the same cost can be achieved by deperting entirely from the standard
FM-radio stereo signal format. One suggested scheme is discussed later in
Section C.
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5. Box Design and Cost Considerations
The present Lincoln Center box design has been examined and found to
be a good design using the latest available (in 1973) integrated-chip circuits
for all functions. The use of an Underwriters Laboratory approved 12-volt
line-cord adapter to provide power is a particularly clever idea, since it
is a low-cost item (about $1.25) and using it means that no approval is
needed for the remainder of the circuitry, i.e., for the box itself.
The box is basically a single-channel stereo FM receiver, with no-cost
stereo format modifications for added security, as have been described. The
prototype box at Lincoln Center does not include a cable-frequency tuner
element (necessary to operate on a cable channel) since conversion to cable
frequency and back was not necessary for demonstration of the workability
of the stereo format modifications. However it is understood that it has
been tested with one or more standard tuner modules. There is no question
about tuner modules anyway, except that as a fixed-tuned device, the one
chosen should be stable enough that it can operate for long periods (years)
without adjustment of any kind. This may require crystal control for the
tuner local oscillator, which is not much of an expense these days ($10
citizens' band walkie-talkies are crystal controlled).
An estimate of the total parts cost for the Lincoln Center box proto-
type, not including a channel tuner module, was obtained by Mark Shubin
for the Lincoln Center in 1974, and was $11.25 in 50,000 quantity at that
time, on which he based an estimated $28 cost per assembled box, assuming
labor cost at 200 percent of the cost of all parts except the case. A tuner
module would add perhaps $3-$5. No detailed costing has been attempted in
this study for several reasons:
a) the above figures appear reasonable in the experience
of the author,
b) the only way to get real, hard cost figures for quantity
production of a device is to put the design out for bid,
since no company will make the effort required to produce
a firm estimate on any other basis,
c) the design itself is still open to question in the matter
of how the secondary security is to be handled.
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Given the above, a maximum cost of $30-$40 in quantity seems quite
feasible for a Lincoln Center stereo-audio box, and the figure could be
less (integrated-circuit devices tend to keep dropping in price). It is
recommended that as soon as the secondary security question is settled
and the box design firmed that the Lincoln Center obtain formal bids for
complete boxes for use in refining the economic projections. Box cost
values of $25, $30, $35, and $40 were used by Crandall in his economic
analysis to determine sensitivity to box cost.*
6. The Cable Audio Channel
As explained, the Lincoln Center box design is built around use of
FM-stereo technology to deliver stereo audio via a separate 200-kHz
channel on the cable. There are many places such a channel could fit in
a CATV system, however as will be explained there may not be as much room
for this signal as it would appear. Also, not all systems may be able to
offer the same space, which will mean differences in boxes for different
..systems.
One possible space for example is just below 54 MHz, the lower band-
edge of Channel 2 (the lowest TV signal normally carried). Unless a CATV
system is carrying some other signal in this space, it should be available.
Another space is in the 4-MHz gap (72-76 MHz) between TV Channels 4 and 5.
Although many CATV systems use this space for pilot carriers needed for
automatic gain control (AGC) of the system amplifiers, and two-way system
designers have usually picked this space for their outbound data channels,
a 200-kHz audio channel would take only 2.5 percent of the available 4 MHz,
and it should therefore be possible to fit it in. Specific frequency choice
for the 72-76 MHz gap has not been examined.
Channel 6 ends at 88 MHz. The 88-108 MHz band on the cable should be
avoided for the obvious reason that this is the FM-radio band, tunable by
all FM receivers. The band 108-120 MHz is generally avoided by all cable
systems, largely because of a desire to prevent any possiblity of signal
leakage from the cable interfering with air-traffic-control radio and nav-
igation services which use this band "on the air," but it should be possible
to put one narrow-band signal, such as the Lincoln Center audio, into this
*Op cit. page 80
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band if care is taken in choosing a frequency that wouldn't interfere even
if it did "leak." Also, the question as to whether there is any hazard in
using these frequencies is still under debate and CATV systems may in the
future be able to use them just like any other frequencies on the cable.
Above 120 MHz, mid-band cable channels start, and if all are in use in
a given CATV system, then there is no open space from 120 Mhz to 216 MHz,
the upper channel edge of Channel 13. If not all mid-band channels are in
use in a given cable system, then the Lincoln Center audio channel can be
fitted into one of them. Beyond Channel 13, cable super-band channels
start, but there may be space, depending on which channels are in use in
a particular CATV system.
One difficulty foreseen is that there are no standards for cable freq-
uency allocation, and different hardware manufacturers and CATV systems
place non-TV signals such as AGC pilot carriers, control signals, etc., in
different frequency gaps, and different converter channels (mid-band and
super-band) are used in different CATV systems. Thus it may be difficult,
if not impossible, to choose one frequency for a Lincoln Center audio
channel that is usable on all systems. If so, the box should be made
modular so that the channel tuner element can be readily changed to fit
the needs of a particular system. This should not present any difficulties,
but is a point that must be considered. The same holds true for the head-
end modulator that places the audio channel on a CATV system. The only real
detriment foreseen is that having to stock tuners of different frequencies
might raise box costs a small amount.
C. A SUGGESTED DISCRETE-CHANNEL ALTERNATIVE DESIGN
The following describes an alternate stereo-audio signal transmission-
format that would provide much greater security than the modified FM-stereo
format used in the Lincoln Center prototype box, and blocks out a box design
for receiving it. The design has not been built or tested, nor has detailed
circuit design been done or firm-quote, large-quantity component pricing
been obtained. However the circuitry is quite straightforward and based on
what price data is available, the cost of the new components does not appear
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to be more than perhaps $2-$3 more than that of the components in the
existing design that they would replace.
1. Rationale
As has been discussed, the present Lincoln Center box design is based
on a modified FM stereo-multiplex modulation format, the two modifications
being intended to make the modulation non-compatible with standard FM
receivers. Figure l(a) shows the standard FM modulation format, including
the position of the optional SCA sub-carrier. The Lincoln Center format
is shown in Fig. l(b). Note that the pilot carrier and sub-carrier are
increased in frequency, and that the L + R and L - R modulations are inter-
changed. As has also been discussed, the sub-carrier move is effective in
preventing an FM receiver from demultiplexing (and therefore receiving) the
L + R modulation. However the L - R modulation will be received, and as
discussed, is not as non-listenable as was thought when the Lincoln Center
box was designed.
The proposed format is to make the modulation completely non-compatable
with FM receivers. Figure l(c) shows one possible arrangement of pilot
carrier and audio sub-carriers that has the following features:
a) both sub-carriers are integer multiples of the pilot
carrier and thus can be recovered in the box demultiplexer,
b) the pilot carrier is in the normal L + R modulation band of
an FM receiver and will be audible as a loud, steady 7,000-Hz
tone- (the only other thing that might be heard would be in-
verted high-frequency -- 13-15 kHz -- splashover from the lower
sub-carrier modulation; certainly not intellegible),
c) neither of the sub-carrier modulations will produce any output
(other than splashover) on an FM receiver,
d) channel separation should be better than the standard stereo
multiplex because the left and right channels are never mixed,
e) cable transmission is not bound by the 75-kHz modulation limit
of broadcast FM, thus somewhat higher modulation frequencies
can be used -- the only limitation is the bandwidth of the
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cable-frequency tuner, and it is judged that the 85-kHz
highest frequency shown in Fig. l(c) is feasible without
requiring special tuner design.
The particular frequency arrangement shown in Fig. l(c) has been
chosen after some study, but could be changed in a final design. For
example, the pilot carrier could be reduced to 6 kHz, which would make
the sub-carriers 24 kHz and 60 kHz. However, this would increase the over-
lap of the lower sub-carrier modulation band with the normal L + R reception
band, and also reduce the separation between the two sub-carrier modulations
from 12 kHz to 6 kHz, making filtering more difficult. Other arrangements
are possible such as putting the pilot carrier between the two sub-carriers
but that would make the recovery of the sub-carriers more difficult from a
circuit standpoint. Also, the audibility of the pilot carrier on a FM
receiver is felt to be desirable as a deterrent.
2. Circuitry
The Lincoln Center prototype box may be divided into five parts on
a functional basis as shown in Fig. 2: cable splitter, FM tuner and
detector, stereo demultiplexer, output audio amplifiers (2), and power
supply. In a discrete-channel design, all functional parts would remain
the same except for the stereo demultiplexer, which would be replaced by
the discrete-channel circuitry shown in Fig. 3. Remembering that the stereo
demultiplexer is a single integrated circuit plus about 10 associated ex-
ternal resistors and capacitors, Fig. 3 looks like a great deal more circuit-
ry and in fact it is on a component-count basis: it has five integrated
circuits and four filters. Functionally, however, the circuitry of Fig. 3
is little if any more complex than the stereo demultiplexer and would be
amenable to integration into a single chip if production volume in the
future justified the chip-engineering costs involved (as it has for stereo
demultiplexers). For now, the form shown in Fig. 3 is the way it would
have to be built. Cost questions are discussed in Paragraph 3 following.
The discrete-channel circuitry may be explained as follows. The output
from the FM detector contains the base-band modulation spectrum of Fig. l(c):
the 7-kHz pilot carrier and the two sub-carrier modulation bands. Separate
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filters for each of these are shown in Fig. 3, plus a 7-kHz trap, but as
will be explained later, probably only the narrow-band 7-kHz pilot carrier
filter will be needed. The filtered pilot carrier signal is applied to
a phase-lock loop (PLL) adjusted to operate at 140 kHz, 20 times the frequency
of the pilot carrier. The 140-kHz output is divided down by factors of 2 and
5 in a dual-function integrated-circuit divider (TTL type 7490) to yield the
two sub-carrier frequencies, 70 kHz and 28 kHz. The latter is further div-
ided by a factor of 4 (this could be done with a TTL type 7473 dual flip-
flop as shown) to yield 7 kHz, which is fed back to the phase-lock loop for
comparison with the transmitted 7-kHz pilot carrier. The phase-lock loop
adjusts its output (140 kHz) so that the divided-down 7-kHz feedback exactly
matches the pilot carrier in frequency and phase.
Using the recovered sub-carrier frequencies from the counter, the! right
and left audio signals are then demodulated in separate synchronous detectors
and fed to the output audio amplifiers (same as in the existing Lincoln
Center design).
As explained earlier, only a functional circuit design has been accom-
plished, based on the signal format of Fig. l(c) and known available com-
ponents, and many details of what has been described could (and perhaps
should) be changed in a final circuit design. In particular, there are many
suppliers of integrated circuits and many solid-state technology families
to choose from; also new devices are being announced almost every week and
prices for older devices have in general been following a downward learning
curve.
Also, it may be that three of the four filters shown are not actually
required at all: the 7-kHz trap and the 55-85 kHz and 13-43 kHz bandpass
filters. Such filtering is not used in separating the normal FM-stereo
multiplex signals (L + R and L - R) of Fig. l(a), which have only 8 kHz
separating their modulation bands compared to 12 kHz in the proposed dis-
crete-channel format. However it was thought best to include the filters
as possible required functions, even though the need for them appears doubt-
ful. The narrow-band 7-kHz filter for the pilot carrier does appear to be
required to prevent the sub-carrier modulations from affecting the phase-
lock loop. All FM-stereo demultiplexers (such as the one used in the Lincoln
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Center box) have such filtering, however this usually requires only several
resistors and capacitors and thus is not very costly.
A final note is that the operating voltages for the circuits shown in
Fig. 3 are different than the 15 VDC now used in the Lincoln Center box
(the LM565 is rated at 12 VDC maximum, and the counters require 5 VDC).
Thus some additional regulators may be required for the power supply, al-
though simple resistor voltage dividers may suffice for some of them.
Should the Lincoln Center decide to go ahead with the secure stereo-
audio concept, a detailed design of the discrete-channel format and cir-
cuitry, Figs. l(c) and 3, should be under taken to address some of these
unanswered questions and determine the lowest-cost possible implementation.
The remainder of the box design, which is now three years old, should also
be examined to see if new integrated circuits have made possible less cost-
ly implementations of any functions.
3. Cost Considerations
Ball-park prices (not formal quotes) have been obtained from National
Semiconductor Corporation for 50,000 quantities of the LM1496 detector and
the LM 565 phase-lock loop, and are 50 cents and 70 cents, respectively.
Similar ball-park prices from Texas Instruments for the 7490 and 7473
dividers in 50,000 quantity are about 27 cents and 17 cents. Thus at the
present time the five integrated circuits shown should cost about $2.14, 80
cents more than the 50,000-quantity price of $1.34 obtained by Mark Schubin
in 1973 for the Sprague ULN2244A FM stereo demultiplexer that they would
replace.
It is on this basis that it is felt, despite the lack of a detailed
design, that the components cost for the discrete-channel version should not
be more than $2 to $3 greater than for the present Lincoln Center box.
One other cost consideration should be mentioned. That is that a spec-
ial head-end modulator will have to be designed for the discrete-channel
format. Off-the-shelf modulators that can be easily altered for the modified
FM-stereo format are available for about $1,000 (per Mark Schubin). A discrete-
channel modulator, as a special, might cost a little more to produce, plus
the engineering cost. However there is only one modulator per CATV system,
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thus even a significant increase in modulator cost would not greatly affect
the economics of a "Live from Lincoln Center" offering.
D. OTHER AUDIO SECURITY SUGGESTIONS
Becoming aware in early 1975 through his own tests and those reported
here that the L - R cancellation used in the original Lincoln Center box
design is not very effective in denying audio, Mark Schubin, Technological
Consultant to the Media Development Department, Lincoln Center, suggested
several possible ways of staying with that system but either further scramb-
ling the signals in frequency or adding annoying tones (that hopefully could
be removed in a subscriber box) to reduce listenability for eavesdroppers.
There were neither time nor funds remaining in the contract at the time
these suggestions were made to really examine them or to make experiments
with them in the laboratory, thus there is no hard evidence on which to
base any conclusions as to their practicality. The only comment that will
be made is that given the wide dynamic range of high-quality audio, the
author feels that in his experience that it would be most difficult to
cancel out an inserted tone completely enough in a subscriber box that it's
residual effects would not still be audible and therefore objectionable
to subscribers.
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CHAPTER IV
OVER-THE-AIR BROADCAST POSSIBILITIES FOR LINCOLN CENTER PROGRAMMING
A. INTRODUCTION
Present TV broadcast technical standards are for a single audio channel.
If one wishes to transmit stereo sound to accompany a broadcast TV picture,
there are several possibilities for obtaining the necessary second audio
channel:
1) insert a second audio channel into the standard TV signal by
frequency multiplex of the audio carrier or time-division
multiplex of the visual carrier,
2) simulcast one or both audio channels on one or more standard
FM-radio stations, using subsidiary communication authorization
(SCA) channels,
3) obtain FCC authorization to inaugurate a new type of audio
transmission on a separate frequency, perhaps a vacant FM or
TV channel.
In addition to the problem of obtaining a second audio channel in
TV broadcasting, there is also the problem of protecting the audio channels
of a pay-program service against unauthorized listening, particularly if the
service is based only on audio security, as the Lincoln Center would like.
All of the above possibilities have been investigated, keeping the
audio security problem in mind. It is found that there are a number of
technically feasible systems that have been developed for adding a second
audio channel to a broadcast TV signal (item 1 above), and in fact two of
these are nearing production status as part of forthcoming subscription
television (STV) systems. The others exist as proposals only.
Simulcast of stereo audio on a cooperating FM radio station is a fairly
common practice by some TV stations for certain special programs, but on
the basis of displacing regular FM station programming. Simulcasting (item
2 above) is thus clearly feasible, provided that the necessary SCA channels
are available on a continuing basis. SCA channels, however, have less than
the desired audio bandwidth.
The third possibility (item 3 above) is not very encouraging. First
of all, it would involve frequency usage beyond that presently authorized
for TV broadcasting, which would require FCC rule making. Also, the
30
starting idea that since only every sixth UHF-TV channel can be assigned to
TV stations in a given city there might be a possibility of audio broadcasting
on an unused TV channel does not look at all encouraging, particularly in the
New York metropolitan area, after analyzing the realities of the interference
problems in the UHF-TV spectrum.
The audio security problem is severe in TV broadcasting or simulcasting.
If the stereo is multiplexed into the TV signal, all of the systems examined
for doing this use the standard TV audio channel for the L + R signal, and
the substitution of L - R in this channel would not provide sufficient
program security by itself, as has been explained in the preceding chapter
on CATV transmission. It therefore seems necessary to use picture scrambling
as the main protection for a broadcast service, perhaps with L - R used also
to discourage monophonic listening. Picture scrambling would however greatly
increase the cost of a subscriber box -- in fact, the resulting system would
not differ markedly from the STV systems that have been approved by the FCC
(BTVision and Teleglobe).
Section B of this chapter discusses the technical problems of adding a
second audio channel to the TV signal, and describes the various systems that
have been proposed either for stereo-audio TV or for STV. Section C describes
the status of the two approved STV systems and the apparent technical suit-
ability of one of them for carrying Lincoln Center programming. Simulcasting
via FM-radio stations is discussed in Section D, and Section E examines
the UHF-TV spectrum in the New York Metropolitan area.
B, STEREO-AUDIO TV TECHNOLOGY
1. Background
Since the audio portion of a television signal is frequency modulated
on a separate radio-frequency carrier located 4.5 MHz above the picture carrier,
the same type of stereo multiplex system used in stereo FM-radio broadcasting
can in principle be used to transmit stereo TV audio. There are two impor-
tant differences, however. One is that the radio frequency bandwidth assigned
to the audio signal in television is narrower than that assigned to FM radio
stations -- the FCC Rules and Regulations specify a frequency deviation of
only + 25 kHz as 100-percent modulation for TV-audio, compared to three times
as much (+ 75 kHz) for FM radio (the FCC recommends, however, that TV trans-
mitters be designed to handle at least + 40 kHz deviation). The other differ-
ence is that since the TV audio signal is frequency multiplexed with the TV
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picture signal during transmission, strong leakage components of the TV
horizontal scanning (line) frequency and its harmonics (15.75 kHz, 31.5 kHz,
etc.) inevitably appear in the audio signal recovered in a TV receiver.
These leakage components from the picture signal are too high in frequency
to affect normal TV audio, but fall right in the range of audio modulating
frequencies one needs to use for stereo multiplex.
The main import of the first difference is that the designer of a
stereo-audio TV system does not have much spectrum to work with (in fact,
the 23-53 kHz stereo multiplex sub-carrier band used in FM radio will not
fit); the import of the second difference is that the designer has to work
around the leakage frequency components, which occur at 15.75 kHz intervals,
to avoid having any frequency beats between them and the multiplex sub-carrier
fall in the audible range. In several of the proposals, this has resulted
either in a limitation on audio frequency response to eight kHz, or in no
stereo separation above eight kHz. A second import of the narrower bandwidth
available for TV audio is that since the signal-to-noise ratio in FM trans-
mission is proportional to the frequency swing corresponding to 100 percent
modulation, the signal-to-noise ratio for TV stereo-audio will be a factor
of three (9.5 dB) poorer than that achieved in stereo FM radio, for equal
received signal strengths. This is somewhat compensated for by the higher
effective radiated power (ERP) of TV transmitters, which results in greater
received signal strength for TV.
Although there have been many proposals over the years for stereo-audio
TV systems, no system has been adopted for free television (as would be needed
for design of receivers and commencement of service), nor does there seem to
be any particular push on the part of industry or the FCC to do so. An
-exception here is the Public Broadcasting System, which is very interested
in stereo audio for TV -- see Paragraph 3 below. Two-channel audio capability
(not necessarily stereo capacility) is inherent in subscription television
(STV) operations, but there is no standardization and the FCC is approving
different systems proposed by different STV operators, subject only to their
meeting FCC non-interference standards. Two STV systems with dual audio
channel capability have been approved to date, but neither is operational.
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In the remainder of this section, several TV stereo-audio proposals and
patents are discussed in Paragraph 2. Paragraph 3 describes a time-division
multiplex system devised by the Bell Telephone Laboratories, and the recent
broadcast tests of it by PBS. The two FCC-approved STV systems are briefly
described in Paragraph 4 (full descriptions of these two systems are presented
in Appendices A and B).
2. Stereo Multiplex of the TV Audio Carrier
One of the early proposals for stereo TV-audio was published in
1960.* Mr. Dome discussed the problems that have been presented in Paragraph 1
above and the engineering choices, and then described an FM-AM system (the
same type used in FM radio stereo) using a suppressed sub-carrier at 23.625 kHz,
halfway between the line frequency and its first harmonic (this compares to
the 38 kHz used in FM radio stereo). The main audio channel would carry L + R
with a bandwidth of 15 kHz, and the subcarrier channel would carry L - R with
a bandwidth of about seven kHz, thus limiting effective stereo separation to
frequencies below 6,400 Hz. A trap filter was included in the receiver to
eliminate the audible beat tone at 7,875 Hz (the difference between 23.625 and
15.750 kHz).
Since a half-frequency pilot tone (11.8125 kHz) would fall in the
audible region, the pilot tone was placed above the sub-carrier modulation
instead of below it, as in FM-radio stereo. The frequency chosen was 39.375 kHz,
2.5 times line frequency. In the receiver, Mr. Dome proposed to subtract the
pilot tone from the fourth harmonic of the line frequency to produce the sub-
carrier needed to recover the L - R signal: 4(15.75) - 39.375 = 23.625 kHz.
The maximum deviation of the system would be + 30 kHz; + 25 kHz for the audio
L + R and L - R signals, and + 5 kHz for the pilot signal.
Patent No. 3,099,707 was issued to Mr. Dome on July 30, 1963, and is
substantially as described above.
A different approach is taken in Patent No. 3,686,431, issued on
August 8, 1972 to Kitaoka and assigned to Tokyo Shibaura Electric Co., Ltd.
* "Stereophonic System for Television Broadcasting", R.B, Dome (General
Electric Co.), Electronics, December 16, 1960.
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This covers an FM-FM system in which the sub-carrier is frequency modulated
instead of amplitude modulated, as in the Dome patent. With frequency
modulation of the sub-carrier, the sub-carrier cannot be suppressed, thus
no pilot tone is needed. The Kitaoka patent uses the second harmonic of
the line frequency (31.5 kHz) as the sub-carrier, and describes means for
keeping the sub-carrier precisely phase locked to the second harmonic to
avoid low-frequency beats.
The patent does not discuss system performance, but does give a band-
width of 14.5 kHz for both the L+R and L-R signals; thus full stereo sepa-
ration would be achieved. The maximum modulation sideband frequency would
be 46 kHz, compared to a highest frequency of 39.375 kHz (the pilot
frequency) in the Dome system,requiring somewhat higher transmitter
deviation. The audio modulation spectra of the Dome and Kitaoka systems
are compared in Figs. 4 and 5.
A completely different approach is taken in Patent No, 3,388,214,
issued on June 11, 1968 to Eilers and assigned to the Zenith Radio
Corporation. Instead of amplitude or frequency modulating a sub-carrier
with the L-R signal and frequency modulating the main audio carrier with
the L+R signal, the Eiler system transmits L and R as discrete signals
(i.e., they are not matrixed before modulation) and carries them as time
modulation of the leading and trailing edges, respectively, of a 31.5-kHz
square wave (the second harmonic of the line frequency). This modulation
method is shown in Fig. 6.
If the sense of the L and R signals is as shown in Fig. 6, a
conventional TV receiver will receive L+R monophonically (the average value
of the wave will vary as L + R); however, a synchronous decoder can re-
cover L and R separately. The decoder reference wave is a square wave
derived from the second harmonic of the receiver synch pulses. The patent
also discusses other possible square-wave frequencies and a system using
a transmitted pilot frequency.
The percentage modulation of the pulse width is restricted to 60%
at each edge with a deviation of + 42 kHz for the unmodulated square wave,
resulting in a deviation for the sum audio of
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Fig. 4 Dome FM-AM Audio Modulation Spectrum
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Fig. 5 Kitaoka FM-FM Audio Modulation Spectrum
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Fig. 6 Eiler's Pulse-Width-Modulation System for Stereo-Audio TV
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60% X + kHz = +25 kHz
which is the same as the normal monophonic TV audio standard set by the
FCC.
The audio bandwidth of this system is 15 kHz, but the maximum sepa-
ration frequency is 8 kHz (R + L are separate below 8 kHz; summed from
8-15 kHz). The patent discusses use of higher square-wave frequencies
1(e.g., 2 T X 15.75 kHz) to obtain separations up to 12-14 kHz, but states
that this may require a wider bandwidth receiver, with consequent increase
in the criticality of fine tuning. Distortion for the 31.5-kHz sub-carrier
system as described are given as less than 3.5% for high audio frequencies.
It would appear that reversal of the sense of either the L or R signal
would result in a standard TV set receiving L-R or R-L and thus protect
against unauthorized listening to the extent that L-R provides. As
previously explained, however, the level of protection is not very high for
audio program material of the type Lincoln Center would be transmitting,
3. A Time-Division Mutliplex System
The systems described in Paragraph 2 above all involve adding a
second audio channel to the TV audio carrier. About 10 years ago, the
Bell Telephone Laboratories were investigating means for carrying TV
audio and video on single circuits in their intercity microwave network
(audio and video were then and still are carried on separate circuits)
and developed a system for placing an audio channel into the video signal.
This system, called TIDI (Time-Diplexing Accompanying Sound on the Video
Signal), was not designed with broadcasting in mind, but since the re-
sulting signal is compatible with any facility that will carry the original
composite video signal, it represents a potential means of adding a second
audio channel in TV broadcasting. In fact, the Public Broadcasting System
has just recently carried out stereo broadcast experiments with the TIDI
equipment. Unfortunately, as will be described, the results were negative
in regard to signal quality.
The technical information on TIDI contained herein was obtained
during a visit to PBS on September 25, 1974, where I met with Daniel R.
Wells, Director, Engineering and Technical Operations, and R. Evans Wetmore,
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Assistant Manager, Transmission Engineering, and also from a BTL sub-
mission to C.C.I.R. (Doc. (MIT/15-E, "Time-Diplexing Accompanying Sound
on the Video Signal," 21 May, 1968). The information on the PBS tests
of TIDI has been obtained in subsequent telephone conversations with
Mr. Wetmore.
TIDI samples the added audio signal at the horizontal line rate
(15,750 Hz), using a sample width of 0.6 microseconds. These bi-polar,
amplitude-modulated, 0.6-microsecond pulses are time-multiplexed into the
TV signal by gating them onto the "front porch" of the horizontal synch
pulse, which is normally at blanking level and has a specified minimum
width of 1.6 microseconds. The PAM (pulse-amplitude-modulated) audio
signal thus becomes part of the horizontal synch waveform and does not
increase the total signal bandwidth -- it simply uses a time slice outside
the video portion of the horizontal line interval as shown in Fig. 7
below.
0.6,us PAM
TIDI SIGNAL 1 HORIZONTAL SYNCH PULSE
l+5ps4 /
FRONT
PORCH a BACK PORCH
VIDEO
Fig. 7 Placement of TIDI PAM Audio Signal on Horizontal Synch Pulse
A limitation of TIDI is that since the sampling rate is the
horizontal line frequency (15,750 Hz), the theoretical limit on the
audio-frequency bandwidth of the PAM channel is half of this, or about
7.8 kHz. The actual bandwidth achieved is somewhat less. Thus TIDI is
not capable of providing full 15-kHz separation.
In altering the transmitted horizontal synch waveform, one has to
be careful that the "front porch" level changes caused by the audio modula-
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tion do not affect either the received video or the ability of a TV
receiver to achieve proper horizontal synch. At the transmitting end,
TIDI samples the front porch level, adds the PAM signal to it, and gates
this new signal into the TV waveform in place of the original front porch.
This process requires delaying the TV signal 1.93 microseconds in a wide-
band delay line between the sampling and insertion points,
The reverse process takes place at the (TIDI) receiver -- the PAM
signal is first gated out and detected, and then a reference front porch
level is established from it and placed in the TV signal to restore it
to standard specifications. This also requires a delay line to accom-
modate the removal and insertion process. The present equipment, designed
some years ago and for network use, is quite elaborate and would be much
too expensive to reproduce for home use. Undoubtably, the circuitry could
be simplified if redesigned for home (rather than network) use, particularly
since the recent PBS tests show that the PAM signal on the synch pulse
does not bother standard TV receivers. Thus a TIDI subscriber box would not
have to restore the synch waveform as described above before passing the
signal on to the TV set. Also, the state-of-the art in circuitry has
changed in the 10 years since TIDI was designed, making possible lower-
cost implementation of the same functions. At this point in time, it is
impossible to guess what an eventual TIDI subscriber box might cost, but
the question is rather academic in view of the discouraging quality
results of the PBS tests.
PBS obtained the prototype TIDI equipment from BTL for their test
program, which involved obtaining permission from the FCC to add the TIDI
signal to the transmission of a PBS station. The purposes of the tests,
conducted several months ago,were to check stereo quality (which appeared
to be quite good in the laboratory) and to check whether the TIDI
PAM signal bothered standard TV receivers. Although it was found that
there was no synch problem for non-TIDI-equipped sets, the received signal
to-noise ratio of the PAM signal was so poor as to preclude further
consideration by PBS of TIDI as a potential means of stereo broadcasting.
Mr. Wetmore attributes the problem to the inability of television broad-
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cast transmitters to accurately and uniformly reproduce the idealized
synch and PAM waveforms shown in Figs. 7. Mr. Wetmore said that while
PBS still has an abiding interest in stereo-audio TV, it has no particular
system in mind at the present time.
4. BTVision and Teleglobe STV Systems
The two STV systems approved to date by the FCC both include a multi-
plexed second audio channel. In STV, the normal TV audio channel, which
can be heard by subscribers and non-subscribers alike, is used for a sales
pitch about the STV programming, and is called the "barker" or "information"
channel. The different STV program audio is carried on the multiplexed
second channel and can only be received with a subscriber box. STV
systems are thus not basically interested in stereo audio performance or
in achieving 15-kHz bandwidth in either or both audio channels. Despite
this, one of the two approved systems (BTVision) appears capable of
handling stereo audio of the quality desired by Lincoln Center. The
other one (Teleglobe) does not. These two systems are described in detail
in Appendices A and B, and only a summary of their audio capabilities is
presented here.
As described in Appendix A, BTVision uses the second harmonic of
the line frequency (31.5 kHz) as the subcarrier for the second audio chan-
nel (the same as the Kitaoka system), but differs from all of the other
systems that have been described in that it uses single-sideband (SSB)
modulation of the sub-carrier, with only the upper sideband from 31,5 to
46.5 kHz transmitted. Full 15-kHz bandwidth for both channels is claimed;
also a higher than usual channel separation (50 dB) has been measured.
BTVision appears to be directly suitable for Lincoln Center stereo-
audio programming in either of two modes. As the system is presently
designed, the two audio channels are discrete and the manufacturer suggests
that stereo be carried by putting the right signal on one channel and the
left signal on the other. The subscriber box has outlet jacks for both
channels that permit them to be connected to high fidelity equipment.
One possible problem with this arrangement is that either the L or the
R channel could then be heard on the speaker of any TV set tuned to the
BTVision channel, whether or not the owner is a BTVision subscriber. Of
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course the picture is also scrambled for all but BTVision subscribers who
have selected the program, and the few who might listen in monophonically
while watching a scrambled picture might not represent a significant
service leakage. In fact, the monophonic audio might serve as a "barker"
for the program service.
The other mode of using BTVision for Lincoln Center Programming
would be to matrix L and R, and put L-R on the standard audio channel.
This would however require either a change in the BTVision box design to
include a stereo demultiplexer, or addition of an external R and L de-
composition matrix to be used only for Lincoln Center programming, Of
the two, the latter seems more practical, but since the security provided
by L-R is not very good, even this might not be worth the trouble. It is
therefore suggested that if BTVision were to be used for over-the-air
Lincoln Center programming, that it be operated in the normal BTVision
mode -- i.e., with discrete audio channels.
The Teleglobe Pay-TV system, described in Appendix B, does not appear
to be at all suitable for Lincoln Center programming because of a lack
of sufficient bandwidth in one of its two audio channels, Although the
company will not release technical details at this time, they have made
it clear that both channels share the standard 15-kHz audio bandwidth
(i.e., no frequency higher than the line frequency is used), and that one
of them (the barker channel) is much narrower than the other (the program
channel). The writer estimates that the barker channel bandwidth is
probably about 3 kHz, leaving perhaps no more than 10 kHz for the program
channel.
C. SUBSCRIPTION TELEVISION (STV)
1. Summary
A subscription television (STV) broadcast program is defined by the
FCC as "a television broadcast program intended to be received in intelli-
gible form by :members of the public only for a fee or charge". Over-the
air subscription television operations are covered by Sections 73.641
through 73.644 of the FCC Rules and Regulations, which set forth the
licensing policies, the general operating requirements, and the equip-
ment and technical system performance requirements.
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Up to the present time, a total of 15 STV applications have been
filed with the FCC, Four of these -- Newark, Boston, Milwaukee, and
Los Angeles -- have been authorized since July 1972, but none are yet
in operation. Of the remaining 11 applications, two have been withdrawn
by the applicants; the remaining nine are not likely to be acted upon by
the FCC pending some show of actual service activity by one or more of the
four already authorized.
Only two scrambling systems -- BTVision and Teleglobe -- are in-
volved in the four authorized STV's and in six of the pending applications.
The other three pending applications have not completed arrangements for
a type-approved system as of the present time.
Seven of the pending STV applications are for new transmitters (two
are contestants for the same channel in Philadelphia), and two are existing
stations. Of the four authorized STV's, only one (Los Angeles) is a
presently operating non-STV station; Boston and Milwaukee remain to be
constructed, and Newark has been constructed, but is not in operation.
Thus, only four existing transmitters are involved in all current STV
authorizations and applications. All 13 STV applications and authoriza-
tions are for UHF channels.
Although it appears that BTVision, described in detail in Appendix
A, would be suitable for Lincoln Center stereo-audio programming, there
seems to be no assurance at the present time that either of the two
authorized BTVision stations will be in operation in the forseeable
future. Channel 68 in Newark, which was to have begun STV programming
in late 1974, has been shut down pending the obtaining of financing
(approximately $5,000,000) to construct and install subscriber boxes;
channel 68 in Boston has not even been constructed and would seem to
follow the Newark station in company priority. Teleglobe, on the other
hand, still expects to commence operations on its two authorized stations
in Los Angeles and Milwaukee by mid-1976, but as explained in Appendix
B, the Teleglobe system will not handle stereo audio. Thus no operational
STV system capable of stereo audio appears imminent, unless of course the
fortunes of channel 68 in Newark should take a turn for the better.
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Subscriber box cost seems to be a major stumbling block in STV
operations compared to pay-cable operations. Although neither the BTVision
or Teleglobe subscriber boxes are yet in production, both companies have
provided almost identical estimates of about $150 in quantities up to
25,000 , and $125 in larger quantities up to 100,000. These figures
are considerably higher than the cost of the subscriber equipment needed
for pay-cable, and as has been shown by Crandall*, are too high for
economic operation of a solely Lincoln Center programming operation. How-
ever, should a suitable STV system, such as BTVision, achieve (or come
close to achieving) viable operation with its own programming, it could
accomodate Lincoln Center programming as an add-on service and thus
distribute subscriber box cost over a larger programming base. The
possible attraction for Lincoln Center in doing this is that should STV
prosper, it would offer a way of reaching large metropolitan audiences,
such as in New York or Boston, that may not be reachable via cable for
a long time to come. The economics of doing so would of course depend
on the financial arrangements that could be made with the STV station.
Still another possibility for channel 68 in Newark was developed
in a conversation with Mr. Robert Bruce, attorney for Lincoln Center, on
March 27, 1975. This would be to use the BTVision system both as an
STV source for subscribers in the New York area without access to cable,
and as a program feed for cable system headends in a 60-mile radius
of the channel 68 transmitter in West Orange, New Jersey, substituting
for leased microwave facilities. The economics of the latter usage were
not explored (i.e., the number of cable systems that might be fed in this
way and the cost of feeding them by microwave), but perhaps should be if
and when any consideration of the use of channel 68 for over-the-air
Lincoln Center programming is made.
*"The Economic Aspects for a "Live from Lincoln Center' Pay Television
Service," Robert W. Crandall, MIT, Report CPA 75-7, June 1, 1975.
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2. Status of STV Applications and Authorizations
Information on the current status of STV applications at the FCC
was obtained from Mr. Frank Rose, Chief of the Research and Technology
Division, and Mr. Geoff Bentley in the Broadcast Bureau, Mr. Rose, who
until recently was the technical reviewer for all STV applications, said
that although Paragraph 73.644-a(10) restricting public access to FCC
files containing technical information on STV applications had been deleted
effective March 25, 1974, technical details labled proprietary by an
applicant were still so treated by the FCC and that information on how
extra audio channels were implemented would not be found in the public
portions of the applications. He also said that the FCC is not very
concerned with how an applicant proposes to scramble signals or add extra
signals, except that the FCC must determine that a proposed system fits
in the alloted 6-MHz-TV-channel bandwidth and does not create new inter-
ference potentials different from the standard TV signals.
Mr. Bentley is in charge of STV applications and provided the
current list of authorizations and applications shown in Table I. This
accounts for all of the STV applications, except for Chicago (BSTV-4)
and Corona, California (BSTV-8) which had been dismissed previously at
the request of the applicants. Mr. Bentley said that STV seemed to be
moving quite slowly, large for economic reasons, and that it was un-
likely that further authorizations would be made until some of the four
already authorized went into operation and the FCC had had a chance to
see how STV worked in practice. He offered his opinion that the Los
Angeles station would probably be the first that would be able to start
STV operations, but couldn't say when.
3. Blonder-Tongue BTVision and Teleglobe Pay-TV
BTVision and Teleglobe Pay-TV are the only two STV transmissions
systems that have received FCC technical approval. Both systems incorporate
a second audio channel and it was therefore of interest to learn how these
channels were implemented and whether their characteristics would be
suitable for high-fidelity stereo audio. Since little along this line
could be learned at the FCC, contact was made with both companies. Blonder-
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Tongue is most open about its BTVision system, whereas Teleglobe is
saying very little at the present time. The information obtained, which
is detailed in Appendices A and B, indicates that BTVision would be
directly suitable for carrying Lincoln Center stereo-audio programming,
whereas Teleglobe Pay-TV would not.
BTVision is designed to provide two 15-kHZ audio channels, and
provides output jacks for them on the subscriber box that would permit
the two channels to be directly connected to a subscriber's stereo equip-
ment (or to a stereo amplifier and speakers that might be provided as a
separate box for Lincoln Center reception). Without such connection, one
channel is heard from the TV set speaker and the other from a small speaker
in the subscriber box. The system is designed to carry the left and right
audio channels discretely, i.e., without matrixing them into L + R and
L - R as in FM radio stereo. It would be possible to matrix the signals
before transmission so that only L - R would be heard on the standard TV
audio channel by non-subscribers, but this would require addition of a
separation matrix at each subscriber box, either internally or externally.
Since Lincoln Center programming on an STV station (say Channel 68 in
Newark) would most probably be only a part of regular STV programming,
which requires the channels to be discrete, it is felt that it would
probably be best to use the discrete-channel system as designed (left
audio on one channel, right on the other), and depend on the picture
scrambling, plus lack of access to one of the two channels, for program
security.
The Teleglobe Pay-TV systems doesnot provide sufficient bandwidth
in one of its two audio channels to warrant consideration for Lincoln
Center stereo audio programming.
D. TV/FM SIMULCASTING
1. Background
Simulcasting TV accompanying sound on a FM-radio station repre-
sents a possible alternate to modifying the TV audio channel to have
stereo capability, as discussed in preceeding sections of this chapter.
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TV and FM stations have on occasion cooperated in this fashion for special
musical programs -- the FM station carrying the TV program stereo in place
of its regular programming and permitting listeners of the station to
hear the stereo audio on their FM receivers. A Lincoln Center pay tele-
vision broadcast service would however have to make arrangements for pro-
gram carriage on a continuing basis, and to provide security, would have
to use multiplex FM channels rather than the normal FM channels that are
used for FM stereo. The realities of FM multiplex signal carriage are
examined in this section, and it is concluded that TV/FM simulcasting
does not hold much promise for a Lincoln Center pay-television service,
except perhaps for trial or demonstration purposes.
2. FM Multiplex Channels
When the present FM technical standards were established, each
station was allotted a 200-kHz channel, 20 times the bandwidth of an AM-
radio station. The reason for this was that FM was to be a high-fidelity
service, transmitting audio frequencies up to 15 kHz. Also, the signal-
to-noise ratio in FM improves as the deviation ratio (the frequency swing
of the FM carrier relative to the maximum audio frequency) increases
beyond unity. Thus a frequency swing of + 75 kHz for 100-percent modulation
was established, corresponding to a deviation ratio of five if used
entirely for one 15-kHz audio signal.
Because the FM channel is so much wider than a single 15-kHz audio
signal, it is possible to multiplex additional signals on audio sub-
carriers, but the percentage modulation of each signal must be adjusted
so that the total modulation does not exceed 100 percent (+ 75 kHz).
Also, none of themodulation sidebands of the main or sub-carrier modu-
lations may overlap in frequency and all must lie in the region 0-75 kHz,
Present FM-radio technical standards specify a main modulation band
from 0-15 kHz, a stereo channel sub-carrier at 38 kHz with a modulation
band from 23-53 kHz, and a subsidiary communications authorization (SCA)
modulation band from 53-75 kHz. When a station is transmitting stereo,
the left and right audio signals may each modulate the carrier up to 45
percent, leaving only 10 percent for the total modulation of any SCA
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sub-carriers. If a station is not transmitting stereo, then SCA sub-
carriers may use the modulation band from 20-75 kHz, with the arithmetic
sum of SCA modulations not to exceed 30 percent. Sub-carrier frequencies
are not specified, but are most commonly 67 kHz for stereo FM stations,
and 41 and 67 kHz for non-stereo stations. Some non-stereo stations
transmit up to four SCA channels, using sub-carrier combinations such
as 25, 40, 55, and 70 kHz.
3. SCA Possibilities for Lincoln Center
For an FM station transmitting stereo, an SCA sub-carrier at 67 kHz
allows an audio modulation bandwidth of only 8 kHz (75 kHz minus 67 kHz),
much less than desired for high-fidelity audio. Also, there could only
be one such SCA audio channel transmitted per stereo FM station, requiring
either use of one channel in combination with the TV audio channel, or
two SCA channels, each on a separate stereo FM station. The latter situa-
tion (three-station simulcasting -- one TV station and two FM-radio stations)
would be most unhandy operationally and would also require two FM receivers
in the subscriber box. Use of only one SCA channel would be an improve-
ment, but not much. In either case, the 8-kHz restriction on audio band-
width plus the 10-percent modulation limitation for SCA sub-carriers
would not yield the desired audio quality for a Lincoln Center pay-TV
service.
For FM-radio stations not broadcasting in stereo and not operating
SCA channels (there tends to be fewer and fewer such stations), it
should be possible to place two SCA channels so as to handle stereo audio
with perhaps 13-kHz bandwidth. For instance, FM sub-carriers at 33 kHz
and 62 kHz would provide two modulation channels from 20-46 kHz, and
49-75 kHz, each with 13-kHz audio bandwidth, and with a guard band of
3 kHz between them. Or one 15-kHz SCA channel could be implemented, to
be used in combination with the TV audio channel. The difficulty with
either of these possibilities is that so few FM-radio stations have
such SCA spectrum space available -- most of them are already in stereo
operations, or SCA operations, or both. For example, it is understood
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that only two New York City FM-radio stations are non-stereo at the present
time (WNYE and WEVD) and that WEVD plans to go to stereo. Also, a 1972 list
of SCA licensees shows that 864 FM-radio stations across the country had
SCA licenses as of that time.
Mr. Thomas Bird of Visual Information Systems, a company in New York
City that supplies SCA receivers, has stated in a telephone conversation
that a further problem with the FM-radio stations that have not yet gone
to stereo or SCA operations is that many of them are not technically up
to handling high-fidelity SCA sub-carriers. Presumably, he speaks from
direct experience in installing SCA systems.
Finally, the security aspects of simulcasting via SCA channels should
be discussed. The reception of information broadcast on SCA channels
requires only the addition of a special demodulator to an FM receiver,
but there have not in the past been SCA receivers or demodulators advertised
to the public or even to the radio hobby fraternity, probably in deference
to the extensive use of SCA channels for commerical background music
services and subscription broadcast services to special audiences (i.e.,
doctors). As a result most people do not know that SCA channels exist,
much less how to receive them. Thus SCA channels presently have a fairly
high degree of security. However, a recent catalog of the Southwest
Technical Products Corporation, San Antonio, Texas, lists an SCA Multiplex
Adapter kit for $14.50 that "may be used with any FM radio or tuner", with
the note that "commercial use of this circuit for background music systems
is illegal." Standard SCA channels such as the widely used 67-kHz sub-
carrier may therefore be on the verge of losing the security they have
enjoyed up to the present.
An SCA demodulator must of course be designed for the specific
sub-carrier(s) and modulation employed. Special SCA channels that might
be designed for a Lincoln Center service could be made noncompatible with
the "standard" SCA channels and thus enjoy reasonable security, at least
for a time.
E. SEPARATE AUDIO BROADCAST
One of the possibilities discussed at the beginning of the study
was the broadcast of stereo audio for Lincoln Center programming on a
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new, separate radio channel outside the FM-radio band, In particular,
the fact that present FCC non-interference rules for UHF-TV allow only
every sixth UHF-TV channel to be used in a given area raised the possibility
that an audio broadcast system might be devised that would fit in the
UHIF-TV spectrum and could be seriously discussed with the FCC, The New
York metropolitan area would be of particular interest for such a system,
assuming that arrangements could be made to transmit the video portion of
the program on an existing NYC TV station.
The advantages of such a separate audio broadcast system, if it
could be devised and licensed, would be that the audio security would be
high enough (essentially the same as that of a separate stereo audio
channel on cable) that the video could be transmitted unscrambled, greatly
reducing the cost of a subscriber box as compared to present STV system
design. Also, the system could be designed to provide full 15-kHz stereo,
which as explained in the previous section, is difficult if not impossible
for FM simulcasting using SCA channels.
The results of an analysis that was, made of the UHF-TV spectrum
usage in the New York metropolitan area are presented in Appendix C, This
analysis indicated that the likelihood of devising a system that would not
interfere with UHF-TV, or receive interference from it, is so small that
no further effort was made in this direction. The main interesting
result of the analysis is that several UHF-TV channels allocated to cities
such as Kingston, N.Y., and New Brunswick, N.J. would also meet non-
interfence requirements in the New York City area. Since these stations
do not yet exist, there is the possibility that the FCC could be per-
suaded to reallocate one of them to New York for a Lincoln Center pay-
television service. Other than this possibility, all New York channel
allocations are gone under the existing non-interference rules, but
see the next paragraph below.
The FCC on May 22, 1975 released a Notice of Inquiry in the Matter
of Re-evaluation and Revision of the UHF "Taboo" Table (Docket No. 20485).
It is of course too early to judge what the outcome of this Inquiry
may be (it may take several years), but the stated intent is to see of
the present non-interference rules in effect since 1952 can now be
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relaxed to permit more UHF-TV stations in a given area. There is thus the
likehood that in the future the FCC may find it possible to allocate more
UHF-TV channels to New York, in addition to the possible re-allocations
discussed in the preceding paragraph. Also, Channel 68 in Newark exists,
but is not in use, and represents the most immediate potential for a Lincoln
Center pay-television broadcast service in the NY area,
APPENDIX A
Blonder-Tongue BTVision
1. INTRODUCTION
Preliminary informaton on the BTVision subscription television
(Pay-TV) system was obtained in a telephone conversation with Mr. Isaac
"Ike" Blonder on December 19, 1974, and from an August, 1974 magazine article
(Radio Electronics) to which Mr. Blonder referred me for a technical description.
In order to get a better feel for the design of the decoder box and its pro-
duction status, and other questions pertaining to operation of the Channel 68
transmitter in West Orange, New Jersey, a visit was made to the Blonder-Tongue
plant in Old Bridge, New Jersey on January 22. I met with Mssrs. Blonder,
Marty Sperver (Chief Engineer), and Kant Mistry (Engineer) for about 2 1/2
hours, and had an opportunity to see the encoder and decoder demonstrated in
the laboratory, to discuss design and construction details, and to obtain more
details about the status of Channel 68 and plans for its eventual operation.
A follow-up telephone conversation with Mr. George Bahue on July 7, 1975 (Mr.
Blonder was out ill) indicates that there has been no change in status since
my visit in January.
2. TECHNICAL FEATURES OF TRANSMISSION
a) Picture Scrambling
The picture scrambling employed in BTVision involves alteration
of the standard synch pulse levels such that without the restoration provided
by the decoder box, the picture cannot be stabilized in either the vertical
or horizontal directions by any manipulation of the controls on a standard
TV set. This is the simplest form of scrambling (and therefore the easiest
to defeat if one has the skill to design and build his own decoder box), but
it was demonstrated to me that it is quite effective in making the picture
unviewable without a decoder box. Mr. Blonder stated that restricting the
scrambling-descrambling operations to the synch pulse periods minimizes any
possible picture degradations and gives him a performance advantage over
scrambling techniques used by others that operate on the picture information
itself (i.e., by line sequence modification). Also, as will be explained later
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in the section on decoder box features, synch-pulse scrambling has enabled
them to devise a descrambling technique that does not require demodulation-
remodulation, again with claimed picture-quality benefits.
b) Aural Signals
The aural signal transmitted in BTVision contains a standard TV
audio channel, plus three additional frequency-multiplexed signals: a second
"encoded" audio channel modulated onto a sub-carrier of 31.5 kHz (the second
harmonic of the horizontal line frequency), a data channel on a 23.625-kHz
sub-carrier, and a pilot carrier at the 15.750-kHz horizontal line frequency.
The use of the second harmonic of the line frequency as the audio multiplex
sub-carrier is similar to several TV-stereo audio proposals (the Kitaoka
patent, for example), however BTVision differs in using single-sideband (SSB)
modulation for the multiplexed audio channel. The main reason for using SSB
was that by suppressing both the lower sideband from 16.5 - 31.5 kHz and the
sub-carrier itself, room is left for the data channel sub-carrier at 23.625
kHz (3/2 times the line frequency), but as will be described, SSB also offers
better separation of the encoded channel. The pilot tone is phase-locked to
the horizontal synch pulses to prevent beat interference with leakage pickup
from them in the receiver, and is used to recover both frequency multiplexed
signals in the subscriber decoder box. This disposition of the aural signal
bandwidth is shown in Fig. A-1.
BARKER AUDIO 23.625-kHz ENCODED AUDIO
OR LEFT STEREO PRINTER OR RIGHT STEREO
CHANNEL SUB-CARRIER CHANNEL
PILOT 3 i zif' SUB-CARRIEER
0 46.5-kHz
0 1 0 20 30 40 50 60
kHz
Figure A-1 BTVision Aural Frequency Usage
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A second difference between the BTVision aural transmission and
any of the usual stereo TV proposals is that the regular and "encoded" audio
channels are not matrixed into L + R and L - R as in the standard broadcast
stereo formats designed to give L + R to monophonic listeners of a stereo
broadcast. Instead, they are implemented as "discrete" channels, one of
which (the regular TV audio channel that can be received on standard re-
ceivers) will usually be used as a narrator or "barker" channel plugging the
subscription service. The other,"encoded", channel carries the subscription
program audio and is receivable only with the BTVision subscriber box. It
was demonstrated to me that the encoded channel feedthrough into the normal
audio channel of a standard TV set is at least 50 dB down (a factor of 316).
This high channel separation is in large part due to the single-sideband
technique used for the encoded channel. As a point of comparison, the left
and right channel separation achieved by the demultiplexers in FM stereo re-
ceivers is typically 30-40 dB (a factor of 40-100).
If the two audio channels of BTVision are used to transmit stereo
audio in discrete fashion (the Radio Electronics article suggests sending
right audio on the encoded channel and left audio on the regular audio
channel), anyone who wants to listen to monophonic audio while watching a
scrambled picture can do so on a standard TV receiver, since there is no
protection for the regular audio channel. Actually, this might not be a
detriment to a Lincoln Center offering because it could act to stimulate in-
terest in seeing the picture and receiving full stereo. It would of course
be possible to achieve a degree of protection against monophonic listening
by using the inverted matrix format suggested by Mark Shubin (L - R on regular
audio, L + R on encoded audio), but then the present BTVision decoder box
would have to be modified by addition of a stereo demultiplexer. Taking these
factors into account, plus the fact that L - R does not provide very good pro-
tection, it would appear that it would only be practical, if Channel 68 in
New York were to be used for Lincoln Center programs, to stick with the present
discrete audio arrangement and let the left channel come through on regular
audio.
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Looking at the BTVision aural channels from a quality viewpoint, it
has already been mentioned above that the discrete carriage of the left and
right channels has better channel separation than L+R/L-R matrixed trans-
mission, which is a plus. The channel bandwidths (0-15 kHz) are the same as
FM stereo. On the possible detriment side, the FCC rules allow an FM deviation
of the aural carrier of a TV signal (including BTVision) of only ± 45 kHz
maximum, compared to ± 75 kHz maximum for FM radio broadcasing. This raises
the possibility of a poorer signal-to-noise ratio (about 10 dB) for TV-stereo
compared to FM-stereo, however this would only occur where the received signal
is too weak to provide limiting in the receiver. Since the aural carrier of
Channel 68 in N.Y.C. has an effective radiated power (ERP) of the order of
300,000 watts* compared to a maximum permitted ERP of 50,000 watts for any
FM broadcast transmitter in the northeast U.S.A. (Zone 1), there should be
more than sufficient signal to prevent such degradation everywhere that the
visual portion of the transmission is acceptable. The outside antenna included
in every BTVision installation should also help in this regard.
c) Data Channel
The final part of the BTVision aural signal is the data channel,
which operates on a sub-carrier at 23.625 kHz and uses four-tone frequency-
shift keying (FSK) at quite a slow rate (about 10 bits per second) for
"reliable, error-free data transmission". Standard USASCII character coding
is used for the messages, which consist of a four-digit program number and
a four-digit program price, repeated endlessly at 10-second intervals. Use
of these signals in the subscriber decoder box will be described later. Pre-
sumably, a transmitted code is also sent over the data channel at the conclusion
of each program to return all decoder boxes to the non-subscribe state, but
this aspect was not discussed.
FCC Rules and Regulations require that the aural carrier power of a TV
station must be not less than 10% nor more than 20% that of the visual
carrier, and the Channel 68 visual ERP is 2,000,000 watts.
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3. SUBSCRIBER DECODER BOX FEATURES
The decoder box for BTVision, diagrammed in Fig. A-2, acts as a "front
end" for the TV receiver and has the following features and functions:
1. The decoder box has a subscriber-operated TV/STV switch
that determines whether the TV set receives its input
signal from its own antenna for regular broadcast recep-
tion or from the decoder box for STV reception;
2. The decoder box installation includes an outside antenna
properly tuned and oriented for the STV channel, and when
STV is selected, the box converts the STV channel to an
unused VHF channel to which the TV set must be tuned (Channel
3 in the New York market) and passes the converted channel on
to the TV set (the barker sound channel will then be heard on
the TV-set speaker, but the picture will still be scrambled);
3. If the subscriber wishes to see and hear the STV program, he
turns a key-lock and pushes a "subscribe" button which causes
the box to (a) re-insert the synch pulse deletions used to
scramble the picture at the transmitter, (b) reproduce the
encoded sound channel on a high-quality 4-inch speaker contained
in the box (the box also provides output jacks for both the
regular and "encoded" sound channels so that they can be con-
nected to a subscriber's hi-fi equipment), and (c) record billing
information (see 4 below);
4. The per-program version of the decoder box includes a data
channel receiver and a thermal strip printer that prints the
program (transmitted over the data channel) on pre-numbered
tickets taken from a sealed roll -- the subscriber tears off
the printed tickets and mails them in once a month with his
payment;
5. If a per-channel service with a flat monthly charge is offered,
the decoder boxes for such service can be made at somewhat less
cost by omitting the data receivers and ticket printers.
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Figure A-2 BTVision Decoder Box
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The decoder box converts the TV signal from Channel 68 to Channel 3
by heterodyning and without demodulation and re-modulation. One might wonder
(as I did) how the synch pulse restoration could be effected outside the TV
set if the received signal is not first demodulated to video. The answer is
that Blonder-Tongue has devised digitally controlled circuitry for re-inserting
the vertical and horizontal synch pulses at radio frequency as the signal
passes through the converter -- in other words, a carrier signal containing
the proper synch pulse modulation is synthesized and added to the converted
signal sent to the TV set. Mr. Blonder said that this conversion and scrambling-
descrambling method was chosen because it offers less chance for picture quality
degradation than methods such as line sequence scrambling that require demodu-
lation-remodulation in the decoder box.
The four multiplexed aural signals (the regular audio channel, the
15.75 kHz pilot, the 23.625 kHz data signal, and the SSB-modulated encoded
audio channel) are recovered with a separate oscillator, mixer, IF amplifier,
and FM detector optimized for their reception: it was stated that this gives
better audio quality than the inter-carrier audio demodulators almost uni-
versally used in TV sets, which are subject to inter-carrier "buzz". The
two decoder box output channels for connection to home stereo equipment are
claimed to have noise levels and fidelity comparable to those delivered by
FM-stereo tuners.
As previously stated, the printer messages, consisting of a four-digit
program number and a four-digit program price, are repeated endlessly at 10-
second intervals by the transmitter. Each re-transmission updates a buffer
register in the box, and as soon as the subscriber pushes the "subscribe"
button, the thermal printer starts up and records program number and price
from the buffer onto a pre-numbered ticket that is then displayed in a window
in the front of the box until a new program is subscribed to, at which time
a new ticket is printed and displayed. The printed tickets accumulate in a
locked compartment, to which the subscriber has a key.
The several printers that I saw printed some character segments so
lightly that the numbers were barely legible (see copy below), but this pre-
sumably can be improved. The printer is an in-house Blonder-Tongue design.
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Figure A-3 BTVision Payment Ticket
Mr. Blonder and Mr. Sperver said that they have put a lot of emphasis
on making the box as stable, reliable and trouble-free as possible in order
to avoid the cost of service calls. This is one factor in the cost of the
box (conservative design practice, high-quality parts, etc.), although it is
hard to judge how much this has added to the cost.
4. SUBSCRIBER BOX STATUS AND ESTIMATED COST
The subscriber box has gone through several iterations over the past few
years, but they feel that the present design, of which perhaps no more than
a half-dozen hand-built prototypes have been made, is suitable for limited
production (up to about 10,000) at an estimated cost to Blonder-Tongue of
about $175 each. For larger quantity, Marty Sperver said that they would
redesign the box to use special integrated circuit elements that could lower
unit cost to about $125 each (such special circuits have such high engineering
and make-ready costs that they are not feasible for less than 10,000 quantity).
When he told me that the bill-of-materials cost for the present box design is
$95, I expressed surprise that the expected total production cost is less than
twice materials cost, but he explained that since they would be making them
for themselves (no sales, advertising, or distribution costs) that this was
a feasible ratio. It was stated that the cost of the subscriber box could
be reduced about $25 for a per-channel service by eliminating the data re-
ceiver and ticket printer.
I asked about installation cost, including the special outside Channel 68
antenna needed for each installation. Their current estimate is an average of
about $13 per installation (including cost of the antenna), based on quotations
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from several service organizations (one mentioned was RCA Service). It was
not clear whether this cost would be passed directly to the subscriber as an
installation fee, or added to box cost in figuring revenue requirements.
The station encoder unit produces the modulation signals for the visual
and aural TV transmitter and includes the scrambling logic, the data channel
control, and the aural channel multiplexing. I did not get a cost figure
for the station encoder, but would estimate that it is several thousand dollars
on the basis of the amount of equipment involved. Two of the station encoder
units have been made, one of which has been tested on Channel 68 but is now
back at the plant for demonstration purposes. When I visited in January, one
encoder unit and two subscriber decoder boxes were being prepared for shipment
to a CATV system in Toronto for pay-cable tests and had different r-f modules
installed to operate on a VHF cable frequency instead of on Channel 68. (When
I spoke with Mr. Bahue on July 7 I asked about the Toronto tests. He said
that they had been satisfactorily concluded, but that there was nothing he
could tell us about the tests or any prospects for cable usage.)
5. CHANNEL 68 COVERAGE
Mr. Blonder said that his Channel 68 in West Orange, New Jersey, had
been on the air in late 1974 in test operations at an effective radiated power
of two megawatts, but was now shut down. The Grade A and Grade B contours
determined according to the FCC coverage charts are 40 miles and 60 miles,
respectively, and he calculates that there are seven million homes within
the Grade A contour. He pointed out that it is generally agreed that due to
the shadowing that is more prevalent at UHF than at VHF, area coverage of a
UHF station within the FCC contours is only about 85% as complete as that of
a VHF station, however, he plans to install three or four translators to fill
in coverage gaps and feels that he will provide a solid signal over the bulk
of the New York metropolitan area.
I asked about his pending application for a Channel 60 translator on
the Empire State Building (listed in the 74/75 TV Fact Book) and he said that
this had since been withdrawn because he expects to obtain the Channel 66
translator that now translates Channel 7, as soon as Channel 7 moves to the
World Trade Center (scheduled for 1976). Locations and channels for other
translators that might be needed were not discussed.
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6. CHANNEL 68 OPERATION PLANS
Mr. Blonder said that Channel 68 was shut down for the time being,
pending his finding financing to proceed with his planned pay-TV operation.
He mentioned that he is talking with a number of organizations, but that
the current state of the economy made it very difficult to proceed (judging
from my conversation with Mr. Bahue on July 7, this situation has not changed).
I asked Mr. Blonder how many boxes he felt he would have to have in-
stalled for break-even operation and he said that his estimate was 25,000.
The number obviously depends on a lot of parameters (box cost, installation
and service costs, program costs, subscriber program charges, viewing habits*,
station amortization and operating costs, interest rates, and so forth), and
it is therefore interesting that exactly the same 25,000-box break-even esti-
mate was given to me by Mr. Solomon Sagall on July 3 for Tele Globe Pay-TV
(see Appendix B). Using $180 as a round figure for installed box cost, 25,000
boxes represents a capital requirement of $4,500,000.
I asked about the "lost ticket" problem with his payment system. He
said that this could of course happen, and that he would perhaps believe a
subscriber the first time it happened, but that since the ticket rolls sealed
into each box were pre-numbered, he could easily detect any continued attempt
to defeat the payment system and take action accordingly.
Finally, I asked about lease costs for air time and he said that this
would be a percentage of the gross -- at least 35%, and perhaps as much as
50%. He suggested that in the case of Lincoln Center programming, it might
be feasible to set higher than normal subscription fees on the basis that
part of the fee could be considered a contribution and thus be taken as a
tax deduction by subscribers. Mr. Blonder said that he has had several
conversations in the past with John Goberman about Lincoln Center performances,
and I note that Lincoln Center is mentioned in the August, 1974 Radio-
Electronics article:
*
It was mentioned that there would be a minimum monthly fee for each
subscriber having a box, but no figure was stated.
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"--- When a suitable concert is programmed
(and Blonder-Tongue is set to transmit programs
from Lincoln Center in New York), the audio channel
normally used to 'sell' the program (the one nor-
mally heard before you 'buy' the program) can be
used as one channel of a stereo pair while the encoded
channel (normally heard after you make your 'purchase')
is used for the other .. "
7. BOSTON CHANNEL 68
I asked Mr. Blonder about the status of the Boston Channel 68 station,
WQTV, for which a construction permit (BPCT 3794) was issued on September 3,
1969, and an STV authorization (BSTV-3) was granted on March 7, 1973. He
said that this was only held up by money, and that there were no problems in
obtaining local construction permits as he had in West Orange, New Jersey*.
The CP was issued for a transmitter located on the Prudential Center building
(FCC file as of April 15, 1974), but he said they now have made arrangements
to mount the antenna on an existing tower in the Needham TV antenna farm.
He also said that the plans include use of many translators to provide coverage
over much of New England (these would actually be acting as repeaters if they
provide coverage beyond the normal class B contour of the station).
The FCC file as of April 15, 1974 (as reported in the 74/75 TV Fact
Book) lists the ownership of Boston Channel 68 as Boston Heritage Broadcasting,
Inc., c/o Edward H. Mank, 239 Lewis Wharf. Mr. Blonder and Mr. Ben H. Tongue,
the other principal in Blonder-Tongue, are each listed as having a 7.1-percent
interest.
He said that at the time of his applications to the FCC it looked as though
there might be a long holdup in gaining permission from local authorities to
construct an antenna in the New York area (as it was it took two years) and
he was thus authorized to start with either Boston or New York, with the
other to come later.
APPENDIX B
Teleglobe Pay-TV System
1. INTRODUCTION
Information on the technical characteristics of the Te'leglobe 'Pay-TV
system is a closely guarded company secret at the present time, both as to
the means of providing a second audio channel and the means of scrambling
the picture. What information is available was obtained in an exchange of
letters with Mr. Solomon Sagall, President, following an initial telephone
conversation on March 5, 1975. These letters are reproduced herein and
the import of the information provided by Mr. Sagall is discussed in the
following section. At that time (March) Mr. Sagall was unwilling to provide
any estimate at all of the cost of a subscriber box, however he later provided
cost estimates during a follow-up telephone conversation on July 1.
2. TECHNICAL FEATURES OF TRANSMISSION
a) Audio Channels
From the description provided by Mr. Sagall, it is apparent that
although the Telegraph system has two audio channels, it cannot transmit
full-fidelity stereo audio of the type desired by Lincoln Center. One of
the channels (the barker channel) is of very narrow bandwidth and presumably
is unsuitable for music. Also it apparently shares a total 15-kHz bandwidth
with the encoded program audio channel, thus the program audio channel itself
must be less than 15 kHz in bandwidth, perhaps 10 kHz if the barker channel
is 3 kHz, which would be about the minimum needed for satisfactory voice
reproduction on the barker channel.
Without a subscriber box (or with the subscriber box not enabled), the
barker channel will be heard from the TV set speaker, and the program audio
channel cannot be heard. With the subscriber box enabled, the program audio
channel is heard from the TV set speaker, and the barker channel may be
heard from a speaker in the subscriber box. Neither signal is available for
connection to high fidelity sound equipment, although Mr. Sagall states that
jacks could be provided.
From the meager description provided, it is apparent that Teleglobe is
using a second-channel sub-carrier within the standard 15-kHz TV audio
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modulation band. Also, the program audio is scrambled before transmission so
that it cannot be heard properly on a normal TV receiver. Thus the subscriber
box has to both filter out the barker channel and descramble the remaining
program channel modulation before passing the program audio channel on to
the TV set. Since the TV set requires the program audio channel to be in
the normal broadcast modulation format, these functions are presumably per-
formed by a demodulation and re-modulation process in the subscriber box.
b) Picture Scrambling
The Teleglobe picture scrambling system involves both the synch
and the video portions of the transmitted signal, as opposed to the Blonder-
Tongue BTVision system that scrambles only the synch pulses (see Appendix A).
No details are available, but Mr. Sagall has described it as a highly secure
system with a different coding for each program transmitted.
c) Other Box Features
The Teleglobe Pay-TV system is designed for per-program billing,
although et is stated that it may also be used in per-channel applications.
1 information is available as to how programs are selected, how billing data
is generated in the subscriber box, or how the billing data is interrogated by
the company; however, it is stated that billing data is accumulated electron-
ically in the subscriber box, and that a subscriber's box can be disabled
automatically if he is not paying his bills. The latter capability would
seem to require entry of a code into each subscriber box, either by a card
obtained periodically or by individually addressing each box as part of the
transmission. (For comparison, a Blonder-Tongue BTVision box will work as
long as a subscriber has it in his possession, and the only way to disable it
for non-payment would be to remove it.)
It is stated that the Teleglobe system does not require a separate
antenna, such as the BTVision system is designed to use. This gives Teleglobe
a small cost advantage in not having to install such an antenna (BTVision
figures $13.00 per antenna -- see Appendix A).
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3. SUBSCRIBER BOX STATUS AND ESTIMATED COST
Mr. Sagall's letter of March 14 indicated that since Teleglobe was in
negotiation with potential vendors, he could not discuss cost of the sub-
scriber box. On July 1, he said that the negotiation process was still
going on with at least two vendors, but he did give an estimate of $150.00
each in quantity of 25,000, and $125.00 (or even $100.00) in quantity of
50,000 to 100,000.
He said that the first prototype of the special LSI (large-scale
integration) chip had been completed by ITT the previous week, and that 6 - 9
months would be required to reach production status (Teleglobe hopes to start
STV service in Los Angeles in early 1976, and in Milwaukee shortly thereafter).
In the July 1 conversation, Mr. Sagall also mentioned that Teleglobe
plans to announce pay-cable versions of its subscriber box in the not-too-distant
future. He said that per-program pay-cable version will be less expensive
than the over-the-air STV box, and that a per-channel pay-cable version will
be even less expensive, but did not offer any dollar figures.
4. TELEGLOBE OPERATIONAL PLANS
KWHY-TV Channel 22 in Los Angeles has FCC authorization to proceed with
STV operation using the Teleglobe system, as does Channel 24 in Milwaukee.
Mr. Sagall expects both of these stations to be in STV operation by mid-1976.
He expects the next two after these to be Channel 57 in Philadelphia and
Channel 50 in Washington, D.C., neither of which had yet received FCC autho-
rization for STV operation as of February, 1975 (see Chapter IV-C).
On July 1, Mr. Sagall stated that he anticipated a breakeven level of
20,000 - 25,000 subscriber boxes in Los Angeles, based on an average income
of $2.50 per box per week (one program per week per box). Interestingly
enough, this is the same breakeven box number estimate given by Mr. Blonder
for BTVision on Channel 68 in New York City.
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Ja, ' ELECTRONFIC SYSTEMS LABORATORY-
7 u-~ Massachusetts Institute of Technology
{>7--t-;; 2 -[ -Cambridge, Mass., 02139, U.S.A. -
March 6, 1975 Director: Professor Michael Athans
Executivo Officer: Richard A. Osborne
Room: 35-402
Telephone:(617) 253-3891
M4. Solomon Sagall
Pr es ident
Teleglobe Pay-TV System, Inc.
97-45 Queens Boulevard
Rego Park, New York 11374
Dear Mr. Sagall,
Thank you very much for the time spent with me on the telephone
yesterday. As you suggested, I am putting my questions in a letter so
that you will be better able to judge what information you may wish to
give me. I appreciate your need to keep certain technical details and
business information proprietary, but I hope that the information I am
seeking is not in that category.
As I explained, M.I.T. is under contract to the Lincoln Center
in Fnew York (John Goberman) to study the economic viability of distribu-
ting Lincoln Center programming via pay-cable and/or STV. We have
developed a computer cost models for live carriage via microwave network
to all existing cable systems at various radii from New York, up to and
including the 48 contiguous states, and for non-live distribution via
tapes. We also wish to include SSTV in our cost modeling for future years.
My particular part of the study is concerned with examination
of the technical and cost issues in subscriber boxes, channel security,
per-channel vs. per-program offerings, and possibilities for high-fidelity
stereo audio. In this connection, answers to tire following questions
would be most helpful to me:
1) what is the general method of scrambling used by Teleglobe,
i.e., synch-pulse modifications only, or actual scrambling
of the video signal?
2) Does Teleglobe have two audio channels, and if so, what are
their bandwidths and would they be suitable for high-fidelity
(15 kHz) stereo? Are both audio channels recovered in the
subscriber box so that they could be fed to a subscriber's
hi-fi system?
3) Is the Teleglobe system a per-channel or a per-program
system? If per-program, how is billing accomplished?
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4) What is the approximate cost of a subscriber box at
moderate production levels, say 25,000-50,000?
5) Is an outside antenna required?
6) If Lincoln Center were to provide a program feed, what might
be the arrangement for carrying it on a Teleglobe STV station?
A fixed amount per air-hour? A percentage of gross? What are
typical numbers?
7) Are there approximate dates for the start of service in Los
Angeles and Milwaukee?
I know that I have asked a lot of questions, but hope that you
will find it possible to answer most if not all of them. Thanking you in
advance, I am
Sincerely yours,
John E. Ward
JEW: smc
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PAYL TV SYSTEM, INC 97-45 Queens Boulevard
Rego Park, New York 11374
(212) 897-5300
March 14, 1975
Mr. John E. Ward
Electronic Systems Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139
Dear Mr. Ward:
As already indicated to you in the course of our recent telephone
conversation, some of our proprietary developments are being
processed for patent applications, and consequently we are not
in a position to furnish you, in response to some of the questions
in your letter of March 6, 1975, with information that might still
be of confidential nature.
1- The method of scrambling involves both the sync signal and
the video portion. We cannot disclose details of our scrambling
technique. I can assure you, however, that our system (which
uses a random coding scheme) has a fairly high degree of
security and is different for each program transmitted.
2- The Teleglobe system provides two channels of audio, an
information channel (also known as the "barker") and a program
channel. In order to minimize transmitter modifications and
utilize economic design practices we have opted to limit our
total audio bandwidth to 15 KHZ. A small portion of this is
dedicated for the information channel and it is this channel
which may be heard by anyone whether subscriber or not. The
program audio is scrambled and may only be heard by subscribers
in conjunction with our decoder. The information channel may be
simultaneously obtained from the Teleglobe "Electronic Home Box
Office" (consisting of a Decoder and a Billing Mechanism), while
a subscriber is watching a program. This program audio comes
out of the TV set just as it would during normal use. Although
we presently do not provide program audio directly out of our
decoder, it is a simple matter of including an access jack, if
this is desired.
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Mr. John E. Ward March 14, 1975
3- The Teleglobe Pay-TV System has been designed for per program
billing. "Per program" billing is, in our opinion, the only
practical means of being able to offer subscribers stellar
attractions such as Metropolitan Operas, Broadway plays and
musicals, championship fights, etc. Producers will insist on
income segregation and reject lumping a high cost program into
a common pool. And ultimately movie producers will insist on
the same. We have, however, the flexibility of using it also
in a flat fee system. Billing is accumulated electronically
within the box and may be read out in a number of ways,
telephonically or by card. Failure to update (by non payment)
results in a subscriber's inability to make further use of the
box.
4- The price of the box is presently under negotiation with several
prominent TV set manufacturers, and as soon as contracts will
have been placed, I will be in a position to indicate to you the
price. Our own and our licensee's economic analysis has con-
firmed that the quotations submitted to us offer an attractive
return on any investment.
5- An outside antenna would be required only if such antenna is
normally required in the subscriber area for reception of
commercial TV signals. No special antennas are needed.
6- As you may be aware, FCC granted authorization to use the
Teleglobe System over KWHY-TV Channel 22 in Los Angeles.
American Subscription Television of California, Inc., sub-
licensee of Telease, Inc., which holds the nationwide license
to use the Teleglobe System (with the exception of three markets
reserved for Teleglobe), has contracted to buy from KWHY-TV,
1,500 hours a year in prime time for a payment of $600,000 and
2-1/2% of the gross income from pay programs. Other methods
are possible and I will be glad to explore them with you and
perhaps Mr. Goberman at a personal meeting.
7- Date of starting the Pay-TV operations will be known as soon as
the contract for boxes has been placed with a manufacturer. We
are hopeful that the Los Angeles operation will start in the first
quarter of 1976. Dependent upon adequate delivery of the boxes,
Milwaukee will start at the same time.
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Mr. John E. Ward March 14, 1975
At your disposal with any additional information that we may be
able to supply you with.
Sincerely,
TE 0 P A MV M, INC.
olomon ra a
Preside
SS/nr
APPENDIX C
Analysis of UHF Spectrum Usage
in the New York 'Metropolitan Area
1. INTRODUCTION
Since the bulk of the New York metropolitan market is not yet cabled,
and growth of cable in this market will be slow at best, many more people
in this market could have access to Lincoln Center programming in the fore-
seeable future via a broadcast service than via cable TV. As has been des-
cribed in Appendix A, the authorized NYC subscription TV station (WBTB, Channel
68) has already been constructed and plans to use the BTVision encoding system
that can carry high-fidelity stereo audio. However, the operation plans of
Channel 68 are quite uncertain at this time. One aspect of the investigation,
therefore, has been to look into other possibilities for over-the-air broadcast
of Lincoln Center programming, including; simulcasting on TV and FM stations,
other forms of adding stereo audio to a TV signal, and possibly, separate FM
broadcast of the audio in the UHF-TV band. In this regard, it has been of
interest to examine the present and allocated usage of the UHF-TV spectrum
in the New York metropolitan area to see if there is any space available, either
for an additional TV channel, or for some sort of separate audio broadcast pro-
posal.
This appendix summarizes the NYC UHF-TV spectrum situation, and shows
that under the present FCC non-interference rules, by which each UHF-TV station
blocks out 18 other channels at radii varying from 20 to 75 miles, and its own
channel to 155 miles, the stations presently operating within a 155-mile radius
of New York City "occupy" every available UHF-TV channel in some part of the
NYC metropolitan area. (Note that the available channels in NYC are 16-69,
since Channels 14 and 15 are assigned to land-mobile radio in NYC/Northern
New Jersey, and Channels 70-83 have been reallocated to land-mobile radio on
a nationwide basis.) The present non-interference rules, commonly called the
UHF "taboos", were established in 1952 in the Sixth Report and Order in Docket
8736, but are now being re-evaluated for possible revision in Docket 20485,
a Notice of Inquiry for which was issued on May 22, 1975. Revisions, if made,
would likely change the situation described herein.
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Even though under the present restrictions there are no "unoccupied"
channels so far as a new transmitter in Manhattan is concerned, it is noted
that Channels 19 and 63 could possibly be candidates for alternate use on the
basis that their mutual interference potential with existing stations comes
only under the minimal 20-mile separation rules for IF and intermodulation
interference (which the FCC has apparently already waived in the case of
Channels 47 and 50). Channels 19 and 63 have not escaped the attention of
the FCC, however, which has allocated them, respectively, for future use in
New Brunswick (New Jersey) and Kingston (New York). Thus Channels 19 and 63
have a potential co-channel (155-mile) restriction so long as these allocations
remain in effect. Three other channels - 23, 29, and 37 - have more restrictions
from existing stations than 19 and 63, but may still offer possibilities.
2. THE DATA
The existing UHF "taboos" on closest locations of UHF-TV station trans-
mitters are as follows:
Channel Separation Type of
Spacing Required Interference
+ 0 (Co-Channel) 155-miles Direct
+ 15 Channels 75-miles Picture Image
+ 14 Channels 60-miles Sound Image
+ 7 Channels 60-miles Oscillator Beat
1 Channel 55-miles Adjacent Channel
8 Channels 20-miles IF Beat
+ 2-5 Channels 20-miles Intermodulation
Table C-I lists all the UHF-TV channels from 14 to 83, and shows the
operating NYC market stations and translators, the locations beyond 75 miles
but less than 155 miles that have operating stations (co-channel rule), and
for each channel not occupied by a NYC market station, the NYC market station(s)
causing one or more restrictions under the remainder of the above rules. Also
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noted in the table are the unavailability of Channels 14 and 15 in NYC since
1972 because of their shared-usage re-allocation to land-mobile radio in this
market, and the complete reallocation in 1972 of Channels 70-83 to form part
of the new 900-MHz land-mobile band. The latter action is unfortunate if one
is looking for more NYC channels because four of these reallocated channels,
77-80, are "clean" channels with no interference restrictions whatever in the
NYC market, and three others have only a single 20-mile restriction from
Channel 68.
It is from Table C-I that Channels 19, 23, 29, 37, and 63 were identified
as having the least interference potential from existing stations:
Channel 19 - So far as operating stations are concerned,
this channel has a 20-mile intermodulation (IM) restric-
tion from Channel 21 only for a transmitter located East
of Manhattan Island (see Fig. C-l), and a co-channel re-
striction from Channel 19 in North Adams, Massachusetts
(138 miles). It is thus a clear channel for New Jersey,
and in fact, is allocated for future educational use in
New Brunswick in the FCC table of allocations.
Channel 23 - This channel has the same IM restriction
from Channel 21 as Channel 19. It also has an IM re-
striction from Channel 25, an IF-beat restriction from
Channel 31, and a 155-mile co-channel restriction from
Channel 23 in Camden, New Jersey (about 80 miles). It
is allocated for future use in Albany-Schnectady.
Channel 29 - This channel has 20-mile restrictions from
Channels 21, 25, and 31, a 155-mile co-channel restriction
from Channel 29 in Philadelphia (about 80 miles), and is
allocated for future use in Albany-Schnectady.
Channel 37 - This channel was unavailable for use anywhere
in the U.S.A. for a 10-year period ending January 1, 1974
because of radar-astronomy experiments, and is at present
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unused or allocated anywhere. In the NYC area, it has
only a 20-mile IM restriction from Channel 41, and a 75-
mile picture-image restriction from Channel 52 in Trenton,
New Jersey (about 45 miles).
Channel 63 - This channel has only a 20-mile IM restriction
from Channel 68 in West Orange, New Jersey, and thus is a
clear channel for a transmitter located more than five miles
east and/or 10 miles north of Manhattan Island (see Fig.
C-l). It is listed for Kingston, New York (about 86 miles)
in the FCC UHF allocations.
All other channels have a greater number of, or more severe restrictions
in the NYC area, thus the above five channels appear to be the only ones offer-
ing any hope for discussion of any special audio braodcast service with the
FCC. Channels 19, 37, and 63 also represent possible UHF-TV broadcast candi-
dates in the NYC area if they could be re-allocated to the NYC market.
In making up Table C-I, the actual antenna separations for the NYC
operating stations were calculated from the listed geographic coordinates,
using the FCC tables and formula. Figure C-1 is a plot of transmitter locations
relative to the Empire State Building, with 20-mile circles shown for all but
the four close-in stations; 25, 31, 41, and 47. It is of interest to note that
Channels 21 and 25, which have a mutual IM interference potential, are almost
exactly 20 miles apart, and thus just meet the requirement (this may have been
a factor in choosing the Channel 21 transmitter site). However, Channels 47
and 50, which also have a mutual IM interference potential, are only about 13
miles apart, much less than the 20-mile requirement. Presumably, the restric-
tion was waived when the newer station (Channel 50) was constructed.
Nine of the 10 NYC translator stations shown in Table C-I seem to violate
the separation rules, which are the same for translators as for stations. Most
of the overlaps involve stations that are reasonably far from the Westchester
County area at which the translators are beamed. One, however, (Channel 62),
has a mutual 75-mile picture image restriction with Channel 47, the same station
that it is translating and with which it is co-located on the Empire State
C-10
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Building. Although the program is the same on Channels 47 and 62, image
pickup of one on the other will have inverted channel frequency components,
and thus cause interference. It can only be concluded that the FCC was able
to waive the restriction on the basis of no demonstratable interference.
Four of the translators (Channels 71, 73, 75, and 79) are operating
in the new 900-MHz land-mobile band, and if they continue to be needed,
after stations move from the Empire State Building to the World Trade Center,
they will have to move to channels below Channel 70 as land-mobile services
develop in the band and the translators cause interference with them. The
proposed Channel 60 translator for Channel 68 shown in Table C-I is listed in
the 74/75 TV Fact Book, but Mr. Isaac Blonder said on January 22 that this has
been withdrawn. He now hopes to get the translator on Channel 66 (presently
translating Channel 7) when Channel 7 moves to the World Trade Center in 1976.
Finally, Table C-II lists all the allocated but non-operating channel
locations within a 155-mile radius of New York City. All operating stations
in this same radius were included in Table C-I.
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Table C-II - Allocated but Unused Channels in 155-Mile Radius of NYC
19 - New Brunswick, New Jersey
23 - Albany-Schenectady, NY
26 - New London, Conn.
29 - Albany-Schenectady, NY
34 - Dover, Delaware
35 - North Adams, Mass.
38 - Scranton, PA
39 - Amsterdam, NY
42 - Oneonta, NY
43 - Bridgeport, CT
45 - Albany-Schenectady, NY
48 - Burlington, NJ
51 - Pittsfield, Mass., Reading, PA
54 - Poughkeepsie, NY
55 - Riverhead, NY, Amsterdam, NY
57 - Philadelphia, PA
58 - New Brunswick, NJ, Asbury Park, NJ
60 - Bethlehem, PA
61 - Hartford, Conn., Wilmington, Del.
63 - Kingston, NY
64 - Scranton, PA
65 - Vineland, NJ
69 - Allentown, PA
New Brunswick has prior claim on Channel 58 for educational use; this channel
is available to Asbury Park only if not needed in New Brunswick.
